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PREFACE. 


fSEB more we become convinced that a true knowledge 
> ^6 laws which govern the tranaformation of ^e 
0 ^^ in the formation of dialects or derrea* 

tive lanipii^pra can only be obtained from a study of jibe 
^hy^k»g^eid laws of the formation of artietilate shon^ir 
the i^ore necessary does it *become for the philol(^t Ic^ 
1^ thoroughly acquainted jfdth tiie structure an^ lon^ 
tidns of the organs of sjibe^*. The oidinary miatoii#^ 
handbooks are little adapted to this pnrpc^ for?iau^ 
is there discussed at length whieh is of 
{dulokt^r whUe, mi the other hand, pmh^ U^^ 
him are of considereble importance are only 
alluded to; in pby^siologieal 
short ^aee is hi most Ck^ dete^ to idus ^ 

It is, therefore, my in wnh 

dmeu^jrith spHiial^^, r to,: 

the philologist, the shtneture and ihs 
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ija explaining the origiEPof articnlate sounds, I have 
BO far departed from the usital method that I have not 
attempted to arrange phy8iologicaU3' the entire series of 
sonnds emploj'ed in the most differing languages, but 
1‘ather, starting from the structure of the organs of 
speech, to give a sketch of all possible articulate sounds. 
I believe I have thus constiucted a system in which 
all known articulate sounds, and all those with which 
Ave may hereafter become acquainted, will find a place. 
Such a sketch could not, of course, be given without 
reference Vo existing languages. The object basnet been, 
however, to enter into the field of discussion upon the 
various modifications of sounds, but merely to bring 
forwartl a suflSlJient number of examples in confirmation 
of the laws explained, for which purpose the more pearly 
A’lat<ijk European languages are sulfieient. 

In taking this ‘line, it has been possible to trace the 
relations and capacity for combination of the various 
aHiculate sounds. From this point of view, again, 
we are enabled to discover the leading characteristics 
in Ihe manner of the employment of the organs of 
speech (" accent ”) froih the manner in which words 
of the original language have changed in the period 
of transition. 1 should have had much pleasure in 
attempting to iUnstrate this interesting stud^^^ the 
ease of a single language, but tha scoffe of tihe present 
w'ork rendered such an midertaking impossible. I must. 
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therefore, be contented with referring to this qnestien 
together with its value in connection with etymology 
and orthoepy. 

From the great interest which this subject must 
arouse in all educated people, especially in those engaged 
in philological studies, and for all /nusicians, I venture 
to hope that my work will be welcomed by a large circle 
of readers ; and also that the various new and original 
interpretations contained in it will be of interest to 
others of my profession. I trust, therefore, that my 
work may obtain a friendly and favourable reception. 

THE AUTHOR. 

Z&Rtca, Noveatber, 1S79. 
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THE OEGAKS OF SPEECH 


ISTBODUCTION. 

The possession of speech has always been considered as 
a distinctive mark of the iiiunan race, and indeed, as 
for as we can learn from history or ethnography, in no 
age and in no part of the globe do we meet'with a people 
without a language. Although races are known which 
in this respect are at a very low standard of development 
and which possess a language which is very poor both 
in its form and in the expression of ideas, they still 
nevertheless do possess a language, which answers to 
their humble condition and is sufficient for their diffiorent 
wants. 

In fact, the possession of speech cannot be prized, too 
highly, since its possession serves the whole human race 
sis the starting-point towards the acquirement of a pro-^ 
gressive development and of civilization ; it is the chief 
means by which the ideas and thoughts of individuals 
are communicated to their fellows, and the knowledge of 
one gene^^tion transmitted to the next. When, againi 
we considef ^that speeoh is the means , by which feeUngs 
of every kind are eommunicateft and excited, whether in 
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the various forms of speech or in the higher forms of 
jwetry and song, we shalF not hesitate to distinguish 
language as the centre of the entire mental and iuteilec* 
tual life of man. 

If, now, we ask in whafr this wonderful and priceless 
gift of the human rivo consists, and in what manner it 
is produced, we obtain an answer which gives us a fresh 
example of the hamble means by which m nature the 
greatest and most important results are obtained. 

If we analyze speech, we find that it is nothing more 
than a combination of .sepamte sounds ; that these SQunds 
are noises which are produced l.»y the expired air, with 
which tones of a musical kind, produced by the same 
means, cn,u unite as supplementary components. 

The power of producing sounds by the current of 
expired air is by no means a peculiar property of man • 
kiiKl ; rather it is possessed in a more or less pronounced 
form by all "(^rtebrata performing respiration by moans 
of lungs ; the noises thus produced being used hy^theni, 
4)artl3* to givf expression to their feeling’s, partly to make 
communications to each other, an immense differ- 

ence between the sounds and the meaning attached to 
them, in the angry hiss of a snake and the song of a 
nightingale, in the warning whistle of a marmot and 
the various accents of the bay of a hound ! 

^ut although animals make so much use of their 
power of producing noise, yet they never attain to human 
speech ; for these sounds haA’e to them no more value 
than the use made by man of the calls and exclamations 
— He! Ho! Psh! H’m! The greater use which man can 
make of his power of producing sounds depends upon 
the faculty which he possesses of combining giitifids into 
complex sounds, \vhich complex «ounds become words - 
used for the expression of certain ideas. Cut from this 
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view of the characteristics of human speech we are not 
to conclude that everything mclu<|ed in •it is an essen* 
tiiilly human property. As Tar, at least, as the mathods 
of production of these complex soqnds (words) go, we 
find that certain animals — birds, fqr instance — are able 
to imitate man in this respect, adthough to a limited 
extent. 

But although we are quite right in*assuming that the 
talking parrot does not understand the meaning of the 
words which it has learnt, and undoubtedly connects 
no meaning with them, we may still ask the question 
whether, in the combination of sounds which many 
animals under certain circumstances arc able to produce, 
some conceivable meaning may not be recognized, which 
allows US to exjnsider them as, at least to a small extent, 
somewhat analogous to words. The various modulations 
and combined sounds in the croak of a fro^ in the song 
of a nightingale^ and in the nocturnal concert of cats, 
etc., a^m to require such a*view ; and the probability is 
increased bj’ the fact tjiat ^n the legends of all nationa 
an important part is ^layed*hy wise pien, who under- 
stand the language of aninmls. 

Even should we conclude to giTC such an interpre- 
tation to the language of animals, we cauuot but see 
that the range of ideas for which it cau find expression 
must be immeasurably smaller than the range of those 
ideas which human language piust and can express, 
partly by means of the words themselves, and partly by 
the modification which it gives to these words (declension, 
conjugation, etc.). 

The great variety of the sonnds employed in language 
forces upo^us the conclusion, that the possibility of this 
variety is adcouuW for by the more. or less composite 
structure of the apparatus empfoyed in their prodaction ; 
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^and this to a certain extent is the case. Nevertheless, 
the groundwo»k of ^lie stnfcture of this apparatus is 
simple?. It depends upon* the fact, that as the’ air 
expired from the e.scapes either throujjh tlie nasal 

cavity or throu<»h tlie cavity of the mouth, different 
sounds are produced* by it.s means dependent upon the 
path take'll b}’ the current of air. and upon voluntary 
movements of certain structures within the cavity of the 
mouth. The current of tiir employed in this manner 
con either pass out noiselessly through the larynx, or 
during its passage tiirough the hirynx can be thrown 
into sonant vibration. 

How means so simple in their characteristics are 
able to produce the sounds whicli form the elements of 
speech, will be explamed in the following pages. For this 
purjjose we must proceed, on the one hand, to examine 
the structure of tlie apparatus emi>loyed in the pro- 
duction of .wund, and on the other tp show how with 
their aid the sounds ordinarily used iu speqph are 
^produced. 



( 6 ) 


CHAPTER 1. 

STRVCTUJtE OF THE OliGAXS OF SPEECH. 

The PnoDUCTioK of the Air-Cuurext.. 

Thf. chief coiulition for the production of articulate 
sounds is a current of air, modifications of which, pro- 
duced at will, arc perceived as sounds. Such modifi- 
cations arc, c.y. *8treaming, through a large cavity or 
through .a narr<\w’ slit, sudden interruption of the 
current or a sudden removai of some obstiSiction.to the 
current, etc. 

Such a current of air is an accessory phenomenon 
in the process of respiration, in which the air is at 
regular intervals first drawn into the lungs and then 
driven out again. The process of respiration is, there- 
fore, carried on by two alternating currents of Air, 
differing in direction, the one going in, the other going 
out. Both can be employed in the production of sound; 
nevertheless this, as a rule, only takes place with the 
expired current- The inspired current is only employed 
for the jJioduction of sound in extraordinary circum- 
stances, eilker a8.a make-shift or at times from affeeta- 
tion, or again when tLe 80und*i8 accidental — c.£r.inthe 
hiccough. On this account, in our subsequent taveali-^ 
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gations upon Jlie nature V)f* the protiuction of sound, 
we sl^ll only eonsidel: the current of expired air. 

But in order that the significance of this air-current, 
and its differences in strength and rhythm, which are so 
important for the jinjluction of sound, may he correctly 
understood, it seems necessary that we should first 
explain the positum of the respiratory process among 
the vital phenomena of the organism. 


ImporUittee of the lienpimtorp Proecsn. 

For the success of the different chemical processes 
which ar^} taking place in the body and are necessary for 
the maintenance of life, a constant supply of oxygen to 
all parts of the body is necessary. .411 lughly organized 
animal forms are on thi.s account provided with special 
apparatus, by which this suj)ply is maintained. This 
apparatus is distinguished as the n^ph-alori/ appamtng, 

as respiratory or pans. 

Thh oxygen, which se^vfes fo*!; respiration, is either 
contained in the hir or in wj^er, and animals, as a rule, 
absorb it from cither medium, according to the one in 
which they live. Important exceptions to this rule are 
certain aquatic mammalia (whales) which breathe atmo- 
s 2 )heric air directly, although they live in the water. 

*Thc absorption of oxygen into tlic different parts of 
the body from the surrofinding medium takes place partly 
indirectly, partly directly. 

In the direct absorption of oxygen the surrounding 
medium itself is conve.yed in its distribution to all parts 
of the body, and, according to the nature of ih^iie of the 
animal, passes through water'Channels oj^ihg upon 
the surface of the body, as in the sea-urchin, or through 
similarly arranged air-passages (trachese) as in insects. 
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This kind of respiration is of sio interest for us in connec> 
tion with our purpose, and^s meiftly mentioned here in 
order to complete this portion of our subject. 

The indirect absorption o4 oxygen is always connected 
'with the presence of an extensive Vascular system, and 
rests upon the direct supply of oxygen by means of 
certain organs to the blood 'which is cjrculating in these 
vessels, and its distribution through the body by means 
of the circulation of the blood. The circalation of 
the blood, therefore, belongs, strictly speaking, to the 
resphratory organs, since, as regards its subsequent 
significance, it plays a part similar to that of the 
above-mentioned water-passages and trache®^ Never- 
theless it is usual, in animal forms belonging to these 
classes, to consider as respiratory organs that apparatus 
only which concerns the transmission of oxygen to the 
blood. 

The respiratdry organs m the above-mentioned sense 
are all formed upon the same plan. They consist of a 
more or loss extended ;membrane, witli which the medinifi 
containing the oxygen edmes in contoet, and which con- 
tains in its substance a minute network of capillary 
vessels. The blood which traverses these capillaries is 
in this manner only separated from the air or firom the 
water by a very thin partition, through which an exchange 
by diffusion between both liquids is possible; thisre^ts 
in the blood taking up a small quantity of ox^en from 
the air or from the water, and consequently evolving 
carbonic acid gas. 

The respiratory organ is, therefore, always a specially 
organised membranous surface, and the differences noldoe- 
able in r^ll»iratory organs rest solely upon the differencee 
in its mode of arrangement. Jh this* relation there are, 
however, only two chief forms to be distinguished. I^e 
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Respiratory organ either comiats of a specially organized 
portion of the outer mi'inbraye, which extends as a lami- 
nated t)r ramified process upon the outer surface of the 
body (gills), or of a cavity, of a sacculated or ramified 
form within the body filings). In the lower animals only 
snails) is the lung an expansion of the outer mem- 
brane ; in all higher animals, especially in the three first 
classes of vertebrata, it takes the form of an expansion of 
the mucous membrane, commencing with the alimentary 
canal immediatelv behind the cavity of the mouth, and 
spreading out subse(|ucntly in the cavity of the trunll. 

A peculiar intermediate form is exhibited by fishes, 
since in the latter the surface of the body, which setv'es 
as a respiratoi*y organ (the gills), is provided with narrow' 
openings, which pass outwards from the cavity of the 
moutli through the substance of the body. It may be 
laid down as general rule that water-breathing animals 
only possess gills, and only air-breathers possess lungs. 

The necessary oxygen is .supplied t() the gills 1^' the 
fTow of the water, which, moreover, is assisted by the rapid 
movement of the outer surlaee *of the gills. A special 
apparatus, on tin? contrary, is requisite for the lungs, 
which, by its alteniating activity, fills them with air 
and then empties them again. 

This is the mechanism which is more or less exter- 
nally visible, while the peculiar es.sential process of 
respiration is not perceived. On this account the suc- 
cession of movements associated with this process is 
popularly designated as “ breathing,” and we distinguish 
as “ inspiration ” the movement by which the air is 
brought into the lungs, and as “ expiration ” that by 
winch the air is driven out from the lungs agafti. 
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The Air9Pa8sa§e8. 

We now proceed to describe the working of the 
meclianism by which the current of air is conducted into 
the lungs and again expelled frohi them, and will at 
present postpone a more exact description of the con- 
struction of those spaces which lead fo the air-passages 
strictly so-called. We will confine ourselves to the 
statement that the back of the nasal cavity and of the 
cavi^ of the mouth unite to form a common space 
(the pharynx), from which the gullet (msophagus) leads 
to the stomach on the one hand, and the windpipe 
(trachea) to the lungs on the other. 

The cavity of the windpipe is, therefore, directly 
connected with the external air by the cavities of the 
pharynx, the mouth, and the nose ; and tlje current of 
air created during \pspiration finds its way through these 
caviti«»8 into the windpipe, and so into the lungs ; and 
in the same manner tlie current of air expelled frpm th« 
lungs passes out again through these parities. On this 
account all these cavities ulay be classed broadly among 
the air-passages. The important fact, however, must not 
be overlooked, that between the pharynx and the external 
air, either the nasal cavity by itself, or the mouth by 
itself, or the nasal cavity and the mouth together, may 
serve as passages for the current of air- An important 
property of these air-passages is that they are always 
kept open — either from their walls, consisting of solid 
material, or because they are maintained tightl}^ stretched 
by some peculiar arrangement. This circumstance is of 
less importance for the expelled current of air, but of the 
greatest im^rtance for the i^pired -current ; for it is 
evident that, if the walls of the air-passages were yi<edd* 
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tiig, they would be eompre*s*«d by the pressure of the 
external air, and a clear passage would not be main- 
tained. 


The J/ec/MHigm of' Jlegpmttion. 

The structure of the lungs themselves is of the very 
greatest importance to the mechanism of respiration, 
since the nature of the whole, as well as the properties 
of its materials, represent in themselves the foundation 
for the most important part of the respirator}* process. 


Kw. 1. 



Froftl viK-w of wjnclpifx' ' emchiui) anfl ]«[ng«. Lunf;i» wwn^whitl w»p»rAte*idl. In ord«^r to 
«how Uj** divwion of ih^? trach***. In the part of each inog. e-nji^clAlly of th« 

long* A in which hcAft a. Thyroid glAOd ? aliove which iv 

the larynx, attached by iu three ligamenta W the hyoid Iwue, 

The external form of the lungs is that of a rather 
large soft organ, filling the greater .part of cavity of 
the chest (thorax), and therefore somewhat approximating 
to the shape of a cone with the base situated below and 
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a rounded apex directed *ufward8. It is divided intlT 
two entirely separate parts* each t>f which fills one-half 
of the cavity of the chest, so that we may distinguish a 
right and a left lung— a customary tlistinction. Between 
the opposing surfaces of each lun^ rises the windpipe as 
a simple tulie, which is divided, at a point about in the 
ctmtre of the thoracic cavity, into two branches, one of 
which leads to each lung. Between the lower divisions 
of the two lungs, and under the point where the wind- 
pipe divides, the llcart is situated ; from the heart the 
great tube (pulmonary artery) passes, which conveys 
the blood, which has to absorb oxygen, into each lung, 
and from each lung tubes (pulmonary veins) gass to the 
heart, vrhich bring bock to the heart the blood which has 
been changed by the respiratory process. The point of 
entrance and exit of these tubes is situated close to^ the 
entrance of the branches of the windpipe into each lung, 
and with the latter forms the “ root of the lungs.” 

The cavity ofithe lungs into which the air is admitted 
consists of very minute ramifications of* the trachetf. 
The diameter of the smallest branch is I mm. (ygor inch). 


Fro. 3. 



Dhronn or •» rir-oStor the Inn^i wlih ito ewroimiBog^v^e. o, AlT^ells h, con- 
dticUngtoiich of ttoc pulmonMJ 5 iWucaiig bran^ of the pulmoaarjr veto. 


and on tH^ braachbs are placed, lastly, small roupd;* 
shaped air-cells of i mm* ~ 'h inch) diaxnetit, 
and it is In tham air-oells that the transfer of odiygia^ 
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ftrom the inspired air to the ^lo,pd takes place, since they 
are surroiindcd by a fine nejtwork of vessels, and the 
blood cftireulating through these vessels is only separated 
from the air contained in Jthe air-cells by a layer of 
extremely tliin material. 

It would not serve dur purpose to follow out the struc- 
ture of the lungs in all its details, and wo will therefore 
limit ourselves to the discussion of those points which 
are important in a mechanical sense to the current of 
air during respiration. * 

In this connection it is first to be noticed, that l;he 
solidity of the walls in the trachea mentioned above ns 
characteristic of the air-itassages is produced by semi- 
circular rings %of cartilage, and that cartilage is found 
enclosed in the walls of the trachea as far as its furthest 
ramification. In the first divisions of the trachea within 
the lungs, hoivevor, this cartilage does not present the 
regular .semicircular form, hgt, in the finer divi.sion of 
the trachea, the form of small round plates, which are 
perfectly fitted to keep the cavity of the branches of the 
trachea open, so that the passage of air may suffer no 
obstruction. 

The most important fact, however, is that in the sub- 
stance of the windpipe itself and in that of its branches, 
clo.se under the covering of mucous membrane, there 
occuis a thick layer of elastic fibres, which run in the 
direction of the tubes and completely surround the air- 
cells. This so-called ■“ elastic tissue," to which these 
fibres belong, is best compared to caoutchouc, since it, 
like the latter, iwssesses a considerable expansibility, and, 
after the ex2)anding force has ceased, an elasticity jcomes 
into play which brings it back to its original/Srm and 
thickne.s.s. From the larg^ share oJ this elaslic tissue in 
the formation of the lungs and from its disposition men* 
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tioned above, the lungs be compared to a branche^d 
elastic sac, which can expand upon internal pressure, 
and upon the cessation of the pressure which Jiad in- 
creased its capacity, contracts again in its circumference, 
and the additional space disappears- The extreme im- 
portance of this action for the mechanism of respiration, 


KiG. 3. 





af the lunjc* fb expUiu ib<* mecUjuiiMn of rrppi ration. Kntr«nc4> Into 

wirKi|>»|>4* ; 6, the (itfernuu) repremued &ic f M»)id r, 

tbe dlApbrvietn in itn rvbxH ;€onUti%u» lia«\ and in il« coramet^d state (dotted 
line) ; a, ibe space added to the ca^ if^ of tbe tborox by tbo tooutroction of tbe dUphragm* < 

and also for that port of it which concerns the production 
of speech, will be explained farther on. 

The means by which a certain quantity of air can be 
drawn with such force into the air-space of the lungs, 
and every part of it enlarged till its sides are in a high 
state of tension, are provided by the situation of the 
lungs in the thoracic cavity, and by the mechanism 
which can he brought into play in the walls of the cartty. 

The thoracic cavity is a part of the cavity of the 
truDkr^di|ch is hounded posteriorly by the ribs artica- 
latingby nSoveable joints vdtb the vertebral oolnmn, aid 
by the hreast-bonei which anteriorly unites the ribs ; thu 
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lower boundary of the thoracic cavity is formed by the 
diaphragm. 

Regarding for the proseni tho wall of the chest thus 
formed entirely by the ribs as a fixed and immoveable 
wall, we may exj>hiin .most of tho phenomena connected 
with the mechanism of respiration from the action of tho 
diaphragm, after which we shall have no diiiiculty in 
adding those modifications which are duo to the mobility 
of the ribs. 

The diaphragm is a muscular plate which is attached 
to the entire lower circumference of the bony frameworlc 
of the thorax, and so entirely shuts off the thoracic cavity 
from the abdomen that it only affords a relatively small 
passage tb the fosophagus, and to some of the greater 
blood-vessels. The pressure of the abdominal viscera 
produced by the walls of the abdomen and transmitted 
to the diaphragm, forces the latter upwards, giving it an 
arched appearance when vievj'cd fromJ>elow. This gives 
a convex floor to the thoracic cavity, making it some- 
what spiallertthan we shoukl, be led to* expect from the 
size of its bony framework. • Wlwjn'the diaphragm is con- 
tracted, every diameter of it is fshortened, and its convexity 
consequently diminished. When contracted to its greatest 
imaginable extent, which is never attained, the dia- 
phragm might present the appearance of a perfectly even 
platre, and the whole of the arched space which, under 
ordinary conditions, belongs to the al>dominal cavity 
would then be added to the thoracic cavity. The con- 
traction of the diaphragm thus increases the space within 
the thoracic cavity by depressing its highly convex floor. 

Kow, in ordinary quiet breathing, tho action upon 
which the inspiration of the air depends produced 
entirely by ■ tlie contraction of tho* diaphragitn. By this 
contraction the cavity of the chest is enlarged, and the 
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action of the diaphragm may therefore be compared to, 
the sucking action of a JjiSton ip its cylinder, the air 
thus sucked in being chi^y the external air, which, 
entering by the air-passages, is able to fill the enlarged 
cavity of the chest. But th8 current of air cannot thus 
force its way directly into the cavity of the chest, for 
in following the course of the windpipe it will be lost 
in the ramifications of the latter andan the air-cells, the 
closed terminations of those ramifications. Since, how- 
ever, these air-cells are all provided with elastic walls, 
they expand when the air enters, and the dimension 
of the lungs is thus increased so as to fill the additional 
space within the cavity of the chest. 

Inspiration, therefore, is due to the regular activity 
(contraction) of the diaphragm. 

To understand correctly the mechanism of expiration, 
we must remember that the fiattening of the diaphragm, 
besides enlarging the cavity of the chest, 'will effect a 
pressure upon the abdominal viscera, which pressure 
will be transmitted to the walls of the al^domen. Th? 
latter will therefore b^ fepreed^jutwards^ and consequently 
expanded. 

Thus the result of the contraction of the diaphragm 
is a greater or less expansion of the elastic tissue 
of the lungs by the entering air, and on expansion of 
the walls of the abdomen % the pressure of the dia- 
phragm upon the abdominal viscera. Let us now see 
what effe-ct will be produced by the relaxation which 
is a necessary consequence of this contraction of the 
diaphragm. The elasticity of the expanded tissue of 
the lungs will at once bo called into play ; the wi^, 
namely, ol all the cavities within the lungs will contract 
to the dimWioiis which they possessed before inspira- 
tion, and the superfluous air Vill thus again be drivep 
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«i>ut through the air-passages. The lungs will now be 
smaller than the enhirged cavity of the chest, and the 
vacuiRn so produced must; therefore, be filled by the 
pressure of the external air. This cannot, however, be 
well effected by the rigid walls of the chest, since they 
do not ydeld readily to the pressure of the air. The 
same result is, however, obtained by the pressure of the 
air, which acts upon the walls of the abdomen, forcing 
in the abdominal viscera, which then transmit tlie 
pi'essure to the diaphragm. The diaphragm thus again 
encroaches upon the cavity of the chest in the arched 
form of its position when at rest, the cavity itself 
assuming the smaller dimensions which characterized it 
before inspiration. 

Expiration is, therefore, due to no Bjiccial muscular 
activity, but is a phenomenon which is caused merely 
by the elasticity of the tissue of the lungs and by the 
pressure of the external air, the parts, which had been 
violently disturbed by inspiration being thus again 
restored to a state of rest. The. last act of respiration 
before death is, therefore, tx2>iratiUn, and for this reason 
a depressed abdomen (from the pressure of the external 
air) is characteristic of a corpse. 

The fact, however, must not be overlooked, that the 
depression of the abdomen during expiration is increased 
b}’ 4he elasticity of the expanded abdominal walls, and 
even further b}’ a slight volunfary contraction of the 
muscles with which they are provided. 

It is now clear why the expired current of air is most 
suitable for the pro<laction of sound in speech, and 
therefore almost exclusively employed for that purpose. 
The reason for this is clearly that the entering' current 
of air must be produced by museular activity, and can 
only with difficulty be drawn in slowly or for any length 
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of time ; the returning civrr|:nt, on the other hand, is 
involuntary and takes plaqp spoStaneously, and only 
rerpiircs to lie regulated to form a continuous current of 
air of sufficient duration for t^e production of sound. 

Strengthening of the Air-Current. 

The duplex mechanism just descriUed, which is suffi- 
cient for the ordinary requirements of resjiiration, can 
be employed in different degrees of activity, so that a 
single exchange of the air in the lungs is represented 
by a greater or less quantity of air. The lungs are 
never completely emptied of all the air which they 
contain, and never can be, since, as mentioned above, 
the walls of the air-passages are stiffened throughout 
their entire length by a cartilaginous layer, which pre- 
vents their being over completely closed ; |ior are the 
lungs ever emptied, to the extent allowed by the above 
check to further contraction, even in the strongest 
forms of expiration to. be ^escribed directly. This is ■ 
proved by the fact that aflfer the tltoracic cavity of 
a dead body has been opeded, a sound lung contracts 
to such an extent that it only occupies from one-half to 
two-thirds of the space which it fully occupied before 
the opening was made. The lungs, therefore, even 
when most completely emptied of air, are still iir a 
condition of expansion; from which fact we may draw 
the following interesting conclusions : — 

(1) So much air remains in the lungs, that even in 
the pause between one expiration and the foUo-^^g 
inspiration, the essential respiratory process (change of 
the compositipu of, the blood) undergoes no iuterruptioli ; 
(2) this residhal air ked^^ts the aijr-passages always open, 
so that daring inspiration the flow of air inwards can 

^ ox 4 p 
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' toore readily take place ; (8) on tliis account a certain 
portion of the elastic contraelribility remains in excess, 
which ensures a powerful action of the elasticity of the 
luiifi in expiration. • 

If, ho%vevor, only' a certain portion of the air con- 
tained in the lungs is expelled from them in the ordinary 
process of tpiiet inspiration, a corresponding quantity 
only' of fresh air is taken in again during inspiration. 
These facts point to the conclusion that a certain quan- 
tity of air is always present in the lungs, and that the 
respiratory movements only give rise to a partial renewal 
of this air, to a kind of ventilation which is more com- 
plete or more superficial according to the strength of 
the moveineKts. 

There are. however, cases in- which a more complete 
ventilation in the lungs is required ; for instance, in those 
diseases which produce difliculty in breathing, and in 
the passing condition of “being out. of breath, " ns after 
violent exercise. Again, a greater current of air is ne- 
‘^'ce.ssary for loud calling, for sustained notes in singing, 
for the rapid prcnuuciatio'n of 'long sentences, etc. ; and 
for this purpose either a more consideralile emptying of 
the quantity of air in the lungs must take place, or a 
greater quantity of air must he taken in (a deep breath), 
so that an increased current of air may flow ont again. 

' In all these cases the ordinary gentle ventilation 
produced by the alternate contraction and relaxation of 
the diaphragm is not suffleient, and more powerful means 
are necessary for the greater general enlargement of 
the thoracic cavity, which is produced by raising the ribs 
simultaneously with the contraction of the dii^hragm, 
thus increasing the circumference pf thp thorax. A 
powerful expiration is ^similarll^ produced by drawing 
down the ribs, which diminishes the circumference of 



STRUd'CRE OF THE ORGANS OP SPEECH. 19 


the thorax. The arranggn^ent of the ribs will explain 
how these movements can nroduco the required result. 

The ribs are, as is well known, arches of bone,* which 
are attached to that part of, the trunk which surrounds 
the thoracic cavity. Behind they terticulate by moveable 
joints with the vertebral column, and in front are united 
by means of the sternum, or breast-bone, to which they 
aro all attached, either directly or indirectly. This con- 

Fm. d. 
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nection with the breast-bone is only wanting in the 
lowest jrihs (the eleventh and twelfth), which terminate 
freely in nmscnlar tiijsue. They are, however, held by 
this in a fixed position, and «have a definite portion 
with regard to the upper ribs. The colieotioh of ah the 
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ribs forms, together with th(\ backbone (dorsal vortebiw), 
to which they are attached, ^nd w'ith the breast-bone, a 
firm bouv framework, the whole of which is called the 
“ thorax,” or the “ chest.”, The first is the term used 
in science, the latter tue common name. 

The thorax forms firstl}' a more or less rigid covering 
for the cavity of the chest, and on the one hand 
prevents the walls of the chest from sinking in during 
the contraction of the diaphragm, and on the other hand 
forces the current of air which has filled the increased 
space of the tlioracic cavity to return by the circuitous, 
but still the only possible way, which on this account is 
distinguished as the “air-passages.” 

On this account we have hitherto taken no further 
notice of it than to mention it as a rigid wall. 

Nevertheless, it contains the needful elements for 
taking a very active part in the mechanism of inspira- 
tion and expiration, and the«most powttrful mechanism 
of respiration i.s shown to be due to its co-operation, 
iiach pair of ribs, together with tty) intervening portion 
‘ of the breast-bon’e, may be rejfarded as a closed ring 
articulating behind with the vertebral column. The 
plane of this ring can be brought into different positions 
with regard to the vertebral column ; it can either bo 
made more horizontal, so that it takes up a pi)sition 
more at right angles to the vertebral column, or it can 
be depressiid so that it in a manner inclines downwards 
from the vertebral column. In the first case, the poidion 
of the trunk enclosed by the ring will represent an 
almost circular horizontal section ; in the latter case, on 
the contrary, it will slope from the front backwards^ The 
space enclosed by the ring will,, in the firot case, be 
circular, and in the latter case lozengc-sbaped. The 
action of the ribs docs not, it is true, attain sncli 
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extremes, but tbe manner ^of their action proves that 
their elevation must increase, and their depression 
diminish the capacity of the thorax. 

The position of the ribs when at rest is slightly 
inclined downwards, so that they ean either be raised or 
depressed ; it is therefore evident that, when the occa- 
sion for a deep inspiration arises, we can produce it 
most easily by raising the ribs whic*h form the wall of 
the chest, and in the same manner a pov. erful expiration 
can bo produced by drawing the ribs downwards. Re- 
spirtition is produced by this more or less voluntary 
elevation and depression of the thorax in the above- 
mentioned cases of want of breath, and whenever the 
necessity arises for the creation of a stronger* current of 
air. The same form of respiration is, moreover, adopted 
in those cases where quiet respiration by the reciprocal 
action of the diaphragm and the walls of the abdo'meu 
is prevented. Thp comraquest example of such a con- 
dition is that which is produced by “ tight lacing,” when 
the corset compresses the, lowest portion of the, thorax, 
and the greater part of«the UbdominaJ walls, to such an . 
extent that the free movement of these parts is entirely 
out of the question. This form of respiration is, there- 
fore, especially striking in public singers, the style of 
whose dress renders the ordiuarj'’ quiet mode of breathing 
impossible, and yet who have frequently to make use of 
long-continued and pow'erful currents of air. 

There is another interesting point in the mechanism 
of the elevation of the ribs to which we may briefly 
allude, a close analysis leading us further than the 
object of the present work would justify. The greater 
number of^the rjbs — all, namely, except the upper two or 
three — according to the individual, have, in addition to 
the curvature which they derive from the form of the 



22 


THE ORGANS OP SPEECH. 


^T/alls of the trunk, a tlo^^xYard inclination, each rib 
descending rapidly, aitd then in a sharpl^'^ rounded lUJgle 
again 'ascending to the point of its contact with tho 
sternum, or, as the e^ise may be, with the preceding rib. 
At this tingle the rib loses its bony character, and 
becomes cartilaginoui?, remaining so to its extremity. 
The cartilage is yielding and elastic, and when the rib is 
raised, it exjninils from this angle, increasing in length. 
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therefore, and so enlarging the circumference of the 
thorax. As soon, however, as tho muscular activity 
producing inspiration ceases, the elasticity of the carti- 
lage restores to the angle its former acuteness. Thus, 
when the mechanism of respiration is carried on by the 
movement of the ribs, we see that expirp-tion^s again to 
a great extent due to the action of ^asticity. ' 

The elevation of tho ribs in inspiration is produced 
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by muscles which descend from the cervical and dorsal, 
vertel)r8B, to the ribs (mileni* Uvat(^-e» cottUirum, »erratus 
maiu-m superior, serraius 'pdkticus inferior), and by*those 
which pass in the spaces between tjbe ribs from one rib 
to another (the intercostal miiheles). The former elevate 
tlio ribs from tin; fixed point of the Vertebral column, and 
file latter draw the lower ribs towards the upper. In 
cases of excessive want of breath, the muscles which 
pas.s from the thorax to the ujiper extremities are 
ilso called into play in elevating the ribs ; but in this 
ease* the shoulders must be fixed— as, for instance, by 
resting upon the arm. Such cases are, however, due 
to disease, healthy subjects only having recourse to 
a somewhat similar expedient when in ejfcefeive want 
of breath — as, for instance, after rapid running, at which 
times they will throw’ back the shoulders so as to be 
able to take a deeper inspiration. 

The depression^which follows this elevation of the ribs 
arises partly from the elasticity of the contiguous parts, 
parti}’ from that of the.cartijages themselves. A stronge* 
expiration by the furtlies depression of jihe ribs is effected 
by the abdominal muscles, which by their forcible con- 
traction draw’ the ribs to which they are attached dowm- 
wards, and thus contract the thorax ; also, however^ by 
the pressure of the abdominal viscera, which forces the 
diaphragm upwards. The action of the abdominal 
muscles is reinforced by those parts of the long erector 
spince muscle which pass from below to the ribs, and by 
the intercostal muscles, which draw down the upper ribs 
towards those which have been depressed. 

From the above it appears— 

(1)' Thi|t the returning current of air is Apedidly 
adapted fof the fonftation of soimds, partioidarly fo^ 
the rapid succession of sounds necessary for speeeht 
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^.beeause its production is not dependent upon any distinct 
activity. 

(*i.) That it is possible t6 increase this current of air 
either by creating a stronger current of air to follow upon 
a quiet, moderate inspiration, by means of special mut?- 
cular activity, and so almost emptying the lungs, or b/ 
taking a deeper inspiration, and so tilling the lungs with 
a greater volume of air. 

Again, from the facts which point to the possibility 
of the voluntary participation of muscles in both acts of 
respiration, we may without hesitation assert — 

(1) That we are able, by means of certain muscles, tt 
modify the strength and duration of the returning current 
of air, ari'vl t\ms either to allow it to escape slowly and 
evenly, as in speech, or to expel it violently, as in a 
shout. 

That it is also in our power to prolong to some 
extent the act of inspiration, or again, by special mus- 
cular activity, to perform it with the greatest rapidity. 

, (3) That.wc arc, therefore, able to employ for the 

purpo.se of speech a current of 'air of (within certain 
limits^ any volume and .strength we please, which may 
be so regulated, that is, interrupted only by such short 
inspiratiuns, that it may be regarded a.H a continuous 
stream. 


SvnVET OF THE Ain-P.\S8AOES. 

It has already been ob.scrved, in the preceding section, 
that the patli followed by the air entering and leaving 
the lungs is of a somewhat complicated form; but nothing 
further was said, our only object then bein^ to become 
acquainted with the mechanism by which the currents 
of air are formed. We must now, however, endeavour 
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to gain at least a general ^knowledge of the form of the>« 
air-passages. 

Now, the alimentary canal must be regarded tfs the 
foundation for the structure and .arrangement of all 
organs concerned in the nutriment of the body. Why 
and how this is necessarily the ca^ with regard to the 
animal organism we need not here inquire. The mere 
statement of the fact is sufficient for oilr present purpose, 
though we may, in passing, offer the following proof ; 
namely, not only do we meet with a well-developed 
alimentary canal in those lower forms of the animal 
kingdom in which otlier organs of digestion are wanting, 
hut that in the embryonic develoi>ment of the higher 
(vertebrate) animals the alimentary canaj i^ the first 
organ amongst tliose of digestion to be formed, upon and 
from which the other organs of this nature are developed. 

The alimentary canal commences with the orifice of 
the mouth, which leads into a spacious cavity situated 
between the jaws (the cavitif of the mouth). Here the 
mechanical division of mqstication of tlm food^ takes* 
place, to prepare it foP solution (digestipn) which follows 
in the stomach. The food thus prepared is then carried 
to the hiudermost portion of the cavity of the mouth, 
where a descending depression marks the commencement 
of the oesophagus. Certain muscular actions (swallow- 
ing, drinking) then force the food into the cesophagus, 
down which it is carried, by forces peculiar to that tube, 
into the stomach. 

In the human body the direction of the cavity of the 
mouth is from the front backwards, and its more back- 
ward portion, situated directly above the oesophagus, 
which descends vertically from it, is cut off from the 
larger anterior portion by a fold or valve-like structure 
(the soft palate), so that at first sight it might be regarded 
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••as a continuation of the opsQuhagus to the base of the 
skull. From this p#cnHarity this portion of the cavity 
of tlfo mouth is generally reganled as a distinct space, 
and as such described us the pharynx ; while the 
term •* cavity of the mouth ” is only applied to the space 
between the soft pahfie and the oritice of the moutin A 
point which we shall presently lind of interest is that 
the food jjrepared in the cavity of tlu> mouth passes 
rapidly through the pharynx before falling into the 
(esophagus. In effecting this an important part is played 
by the “ tongue,” a muscular fold lying upon the floor of 
the cavity of the mouth, the free upper surface Uiormun) 
of which pas.ses as a convex protuberance troot of th(' 
tongue) ihto.the anterior wjill of the pharynx. 

l>uring the embryonic developnunt a small growth 
api>ear3 upon the anterior wall of the pharynx, which 
afterwards becomes hollow. It continues growing and 
becomes a tube which divides into, a right and a left 
branch, and each branch continues growing and dividing 
"till it presents at last the appearaneo of a highly rami- 
fied structure. This form^i the^groundwork of the lungs, 
which for their comj)letion only refjuire the siihdivision 
of the pulmonary veins and arteries ; these vessels unite? 
at an early period with the tulie, the grow'th and ramifi- 
cations of which they then follow. Thu.s the lungs arise 
as an outgrowth, or process of the pharynx. It is evident 
that this ramifying tube must bo the windpipe, dividing 
at first into two branches, each of which passes to a lung, 
where it become.s very highly ramified ; and since the 
windpipe originated as a process of the pharynx, it opens 
into and is immediately connected with the latter. The 
part adjoining tins orifice is termed the lart^nx, and will 
presently be described as a separate organisation. 

Now, since the pharynx opens into the cavity of the 
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mouth, wliich again, by mctfins of the lips, is in free corn-* 
miinieation with the external air, it*foliowb that an unin- 
terrupted passage is afforded lo the air through the <Javity 
of the moulli to the lungs, an^ thus* inspiration as well 
as expiration can he effected through the cavity of the 
mouth. W(? know, however, that re'fepiration through the 
open mouth is only resorted to in cases of want of breath, 
or when a deep inBjjiration is taken,* or, again, as the 
result of l)ad habit. In ordinary quiet respiration the 
mouth is generally closed, and the cavity of the mouth 
is not employed as an air-passage. 

Entrance and exit is, as is well known, afforded to the 
air employed in respiration by the nose, or rather the 
msal cat-ify — a cavity which commences arjfcerforly with 
the nostrils, and opens posteriorly freely into the 
phar3Tix. 

It is interesting to observe that fishes have no nalsal 
cavity, and that in {heir easg the organ of smell, which 
otherwise is alwa.ys connected with the nasal cavity, con- 
sists merel}’ of folds in .the outer integument whiph are* 
situated above the orifice of flie mouth* We first meet 
with a nasal eaxity, in the accepted sense, in the amphibia, 
xvhDe it becomes general with birds and mammals. Its 
appearance, therefore, in the animal kingdom is simul- 
taneous w'ith respiration by means of lungs, a proof that 
its structure is more intimately coimeeted with this form 
of respiration, and that we are therefore justified in 
regarding it as the true air-passage. 

Thus we obtain the cmious fact that the air-passage, 
strictly speaking, commences with the nasal cavity situ- 
ated above the cavity of the mouth, and that from the 
nasal cavity || passes into the upper part of the phaiynz, 
then through an orifice in t|te anterior wall of the 
pharynx immediately below the cavity of the mouai into 
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• the laryux, which marks thc/}oninien<?oment of the wind- 
pipe, and finally through the windpipe into the longs. 
The peculiarity of this arrangeiuout lies in the fact that 
the air-passage crosses the iiortion of the alimentary 
canal formed by thei cavity of the mouth, the pharynx, 
and the. o'-sophagus hi such a manner tliat tlie pharynx 
belongs eijually to the two passages. It is precisely this 
peculiarity, howoior, which makes it possible to employ 
the returning current of air in the formation of sound 
and, therefort*. for si>eeeh. The parts of the cavity of the 
mouth, and in particular the tongue, by their ‘great 
mobility can alter the form of the cavity of the mouth 
in the most varied manner. Every such conformation 
imparts ii peculiar kind of vil,*ratiou to the current of air 
which is heard as sound. The possibility of speech is 
therefore due to the power we possess of vuluntarily 
diu'ctiug the curn;nt of air from the pharynx into the 
cavity of the month, where sound can be iiroduced in 
the manner described. 

1 It is evident that air and food cannot pass through 
the pharynx at the same time, us all, moreover, know 
from experience who have been excited to hiughter during 
the act of swallowing. ^Ve should therefore naturally 
expect to find some arrangement which would keep both 
passages clear, so that the one proce.ss ahould suffer no 
inconvenience from the other. Respiration being a con- 
tinuous process, while swallowing is merely a transitory 
and quickly executed act, we should conclude beforehand 
that this arrangement will in its usnol form ho in favour 
of the flow of the air ; and this we find to be the case. 
The pharynx, from causes presently to he discussed, ia 
always open. Its walls, indeed, are not composed of such 
rigid material as the cartilage of 'the windpipe, but from 
the manner of their attachment to the bones of the 
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skull and to tbe liyoid bgne, they are held so tense* 
that they cannot collapse, and*there#ore alSvays form an 
open cavity. Thus an uninterrupted passage is Be(?ared 
to the air from the nasal cavity tlurough the pharynx 
into the larynx, and thence through the windpipe into the 
lungs. 

This, however, is not sufficient. We find further that, 
except during the time of swallowing, *the cavity of the 
mouth and the oesoidiagus are cut off from free commu- 
nication with the pharynx. The arrangement for the 
cRsopliagus is the simpler of the two. Thus the cdbo- 
phagus is not to be regarded as simply an open tube down 
which the food falls by its own weight, for throi^hout its 
entire length it is so contracted upon itself as to be per- 
fectly impassable, and special forces are required to force 
the morsels of food from the pharynx into the oesophagus. 
Thus the entrance to the cesopbagus, viewqd from" the 
pharynx, has mort-ly the apjaarance of a funnel-shaped 
depression. Sho\yneu in menageries are accustomed to 
claim this as a t>triking peculiarity of the crocodile, 
when they draw attention*to tlie open jaws of this reptile. 

The closure of the cavity of the mouth is less simple, 
being effected by a double system of valves. A broad, 
crescent-shaped valve, the horns of which, descending 
laterally, rest upon the root of the tongue, hangs down 
from the bony plate (the hard ]>alate}, dividing the 
cavity of the mouth from the nasal cavity between the 
cavity of the month and the pharynx. This is the soft 
palate, or velum paUiH. When at rest it lies immediately 
upon the highly convex posterior portion of the dorsum 
of the tongue, and thus closes the cavity of the opiouth. 
When in great thirst the mucous membrane of the cavity 
of the mouth loses its necessary; degree' of moisture, the 
soft palate adheres so firmly to the dorsum of the tou^e, 
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‘ that the act of s\TaIIi>\vin{:', by whicli it is removed, gives 
rise to a sensation pain. Thus, in describing a liigh 
degree of thirst, we are accustomed to say that the 
“ tongue cleaves to 4he roof of the mouth,” This pecu- 
liarity, which we iiiust all have experienced, may be 
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regarded ns proving the assertion that the soft palate 
lies upon tlie tongue'. Opposite the soft palate is situated 
another valve, which rises as an elastic, rigid i>lato of a 
tonguc-like form from the upper margin of cthc entrance 
to the lar)iix. This is the epiglottis ; it lies close to the 



STRUCTURE OF THE ORGANS OF SPEECH. 31 


lowest and most posteriojr part of the dorsum of the 
tongue, and runs upward so hir ae; to almost come into 
contact with the free margin of the soft palate. These 
two valves, if not absolutely, ^et quite sufficiently, shut 
off the cavity of the mouth from the pharjuix, the gap 
which is left between them being' practically closed by 
the arched position of the dorsum of the tongue, so that 
the closure may be regarded as complete. This, how- 
ever, is only the case w’hen the mouth is closed by bring- 
ing the lower jaw into contact wdth the upper. If the 
lowet jaw is depressed the tongue descends wdth it, and 
renders the above-mentioned closure less complete. 

Having thus seen the full extent to which the air- 
passage is independent, w’e might feel almost fempted to 
regard the pharynx, from the fact of its being connected 
with it for by far the greater space of time, as originally 
belonging to the air-i>as8age. There is nothing, hoxTJ^Ver, 
to 8Ui>port such -a .view, thg entire conformation of the 
pharjTax proving emphatically that it is merely a portion 
of the alimentary canal, and indeed the hii*dermqst par^ 
of the cavity of the mouth. It always, resumes its im- 
Ijortance as such in the act of swallowing, and it is 
interesting to observe how the arrangement and con- 
formation of the different parts is then changed. The 
food which has been masticated in the cavity of the 
mouth is forced backwards by the pressure of the tongue 
against the hard palate into the pharynx, and from the 
latter into the oesophagus. The double system of valves 
closing the cavity of the mouth gives way; the soft 
palate is raised, and shuts off the uppermost part of the 
pharynx from the posterior entrance to the nasal cavity ; 
the epiglottis, on. the contrary, is pressed downwards, and 
covers the ^trance to*the lar^p:. Thus dttring swallow* 
ing the continuity of the alimentaiy canal is preserve 
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• by inserting, if not the whole, at any rate the lower half 
of the pharynx 'botwein the cavity of the mouth and the 
tesophagus, the nas^al cavity and the larynx being shut off 
from the alimentary canal, just as, when in a quiescent 
position, the cavity of the mouth and the tesophagus are 
cut off from the windpipe (cf. Fig. G). 

We must defer for the present the examination into 
the striK'turo of the parts here mentioned, and the im- 
portance of their mechanism in connection with the 
formation of articulate sounds. The above remarks show', 
however — 

(1) That the true air-passage is formed by the nasal 
cavity, the pharynx, the larynx, and the windpipe. 

(*2) That ihe cavity of the mouth is part of the ali- 
mentary canal, but that it can, when occasion requires, 
be also used as au air-passage. 

\b} That it always serves this purpose when the re- 
turning current of air is employed for. speech, 

(4) That no inconvenience is caused by the intersec- 
•iion of.the ais-passage and the alimentary canal, as each 
passage can be -mtirely cut off from, and so rendered 
independent of, the other. 

Tuk Larynx. 

Having now discussed the creation of the current of 
air and the passages through whicli it pa-sses outwards, 
we must proceed to examine the aj)paratu.s, which, situ- 
ated at the upper extremity of the windpipe, possesses 
the property imparting sonant vibrations to the air 
issuing from the lungs. This apparatus, tlie hiryn-x, is 
not, bowev(;r, in constant activity in th\8 resgect, hut, on 
the contrary, generally aljows the Uix to pasS by without 
sound; and it is only under certain conditions, the fulBl- 
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ment of \7lneh is dependent>upon our will, that it becomes* 
2)roductive of sound. It ^ppend/^ therefore, entirely 
ui)on our will whether the air, which is to be employed 
in the formation of sound, i^ witb nr without tone, in 
that part of the air-passage in whibh sound is created, 
the articulate sound which results owing its character to 
the choice thus made. We have here, therefore, a means 
of considerably increasing the number of our elements 
of Bijeech. 


The Vocal Chords and their Tension. 

The larynx is the highest portion of the windpipe, 
which is traversed by the expired air immediately before 
its entrance into the pharynx. Being in direct communi- 
cation with the windpipe on the one hand, and w'ith the 
pharynx on the other, it is in this respect sijppiy'«rpor- 
tion of the windpipe; its peculiar significance is due to 
the fact that it coptains an apparatus for the production 
of tone, towards which the windpipe, as a rule^ acts * 
as “ porte-vent *’ (“ wind»trun 6 ” of an wgan), and the 
pharynx as “ resonance tube.” Under certain epnditiohs 
of rare occurrence this relation may, indeed, bet reversed, 
tone being produced in the larynx by an mtsjpired^ current 
of air. The tones produced in the larynx (^nptitute the 
voice, which stands in a distinct relation to spieecb. The 
elements of the latter are only toneless noises; and just 
as it is possible to make the voice heard without any arti- 
culate sound, though it is generally accompanied by the 
sound of some vowd, so it is equally possible, inwhisjp^- 
ing, to create articulate sounds without any admixture of 
laryngeal tope, Ordin^ dudUde speech consists, it ^ 
true, of a mixtoxe of voice and^peech; a current of air 
which has been thrown^ m vibration by 
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lAiTnx being employed for, al- least the greater number 
of articulate sounds.* 

'Aie vocal apparatus of the larynx is exceedingly 
simple, its character being merely that of a membranous 
reed-instrument, consisting of two elastic plates, stretched 
so as to leave a narrow fissure between them, so that 
when the current of ah streams through the fissure they 
are thrown into vibration. 

Two circumstances, however, in spite of the simplicity 
of this principle, tend to give a complex appearance to 
the lanmx. In the first place, we have to distiiiguish 
in the larvTix, as the term is generally understood, 
two entirely separate parts, one of which (the lower) 
is the true' vocal organ, and the other (the upiier) is 
a neutral space, which is inserUid between the vocal 
a[>][>aratus and the pharynx, and can only la? regarded as 
an integral part of the larynx from being surrounded by 
the same envelope as the vocal apparatus. The inter- 
position of this neutral space (the superu/r cavity of the 
larynz) rembves the vocal apparatus to such a distance 
from the alimentary canal a9 to render anj' inconve- 
nience or injury from the latter impossible. The second 
of the above-mentioned circumstances is that the vocal 
apparatus itself exhibits a certain amount of complica- 
tion, the disposition of the membranous reeds, and the 
na’echanism by which they are adjusted for musical vibra- 
tion, and, again, iite further adaptation of this adjustment 
For the creation of tones of various pitch, necessitating a 
sertain multiplication of accessory structures. In spite 
of this, we must confess that the organization of the 
larynx is wonderfully simple as compared with all it is 
ible to accomplish. 

Our next step will bo to examine the vocal apparatus 
more closely'. 
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The Vocal Apparatus of the Larynx. 

The larynx, as already o]j^erred, merely constitutes 
the upper extremity of the windpipe ; its entire structure 
is, therefore, nothing more than a modification of the 
structure of the windpipe. 

The windpipe (trachea) is a tube of the same width 
throughout, lined with mucous membrane, forming that 
portion of the air-passage which lies nearest to the lungs, 
and In its ramifications a component of the lungs them- 
selves. Xn accordance with the general character of the 
structure of the air-passages, the walls of this portion are 
rendered rigid by solid layers interposed between those 
structures which complete the walls of the windpipe. 
The rigidity produced by these layers gives a firm cha- 
racter to the whole ; it may, therefore, be reg^dMHR*the 
foundation of thef'\iiindpipe,,and as such occupy the first 
place in our description of the latter. 

The layers here referred to consist of*a number of 
cartilaginous rings of about ?mm. (f inch) in depth and 
1 mm. inch) in thickness. They are so carved aa to 
form the anterior and two lateral sides of the windpipe, 
leaving, however, the posterior waU fi%e. These to 
perfect rings are so joined together by fibrous memb)m&e 
{ligamenta interannuUma), that they pr^ent the •ap- 
pearance of a groove, the open side of whicb f^ 
backwards. The free, rounded ends of these cartili^e^, 
m well as the euds of the intervening ligaments, and 
therefore Uie firee margins of the groove, are connected 
by fairly strong transverse muscular fibres, which, to a 
continuous ^yer,^ to^ postenor level wadi of 
windpipe. Bxtertodl/, the t^^ 
by a fibrous mtobrtoo, wltoh incre«^8^^^ to 
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•upon the surface of the tnmrverse muscular fibres^ TOc 
two layers thus coilipletiujg the posterior wall of the 
windl)ipe. 

The inner coat of this tube is formed by a mucous 
membrane, which is'provit\od externally with a layer of 
small glands, the sec'retiou from which serves to moisten 
the inner surface of the wijulpipe. In addition to these 
smaller glands, there are others of rather lai'ger size, 
which open by an excretory duct upon the surface of the 
mucous membrane. The ghuuls attached to these ducts 
are situated between the cartilaginous rings, or between 
and behind the imuscular fibres of the posterior wall. 

This inner linhig is completed by bundles of tdastic 
fibres which form a continuous tissue immediately be- 
neath, or even iinbe<lded iu, the mucous mombranc, and, 
enclosing the entire periphery of the windpipe, run 
loit|jiiccl?jialiy even into its ramifications. 

Upon comparing the structure o{ the windpipe with 
that of other tubes — for instance, the alimentary canal — 
' we find a remarkable barmqny in spite of all differences. 
Such tubes are, .namely, plroviiksd with both ammlur and 
longitudinal muscular fibres; the former contract the 
diameter, the latter the length of the tube. In the trans- 
verse laj'er of muscular fibres which form the jiosterior 
membranous wall of the windpipe, we recognize at least 
the rudiments of the annular form of moseular fibre ; 
from their attachment, however, with the cartilages by 
which the cavity of the windpipe is always kept open, 
they cannot effect any important coniraction^ but merely 
serve to modify this constant condition. As representa- 
tives of the longitudinal muscular fibre, we have the 
elastic fibres mentioued above, the actipn of ^hicii, agailV 
though resembling, is not perfectly analogdus to that o% 
longitudinal muscular fibres of other tubes. They lael^ 



StBtfCT0R® M ORGANS OF SPESCH. 37 

natnely* that vital contraetioig wbich distingoishes mus- 
calar fibres, and therefore cap nevet effecf a contraction 
of tli6 windpipe, but only through their elasticity restore 
it to its previous position of r^st after any considerable 
tension — as, for instance, after it ^has been filled with 
inspired air. 

We must here again draw attentioi^ to the important 
part played by elastic elements, having already shown 
how expiralion is almost entirely due to the physical 
action of elasticity. This fact is particularly interesting 
in cc^nection with the fimctions of the larynx, which, 
as wifi presently be shown, impedes the free exit of the 
air when the larynx is adjusted for the formation of 
tone, and consequently when adjusted for audible speech^ 
This obstruction to the exit of the air is, however, con- 
stantly counterbalanced by the tension of the elastic 
elements of tiiie lungs and of the windpipeir 48113^80 a 
continuous curreift of air is insured for the fonnation of 
speech Avithout any special action on our port. Thus 
the lungs and the win^ipe 'stand in the shme relation 
to the tone-producing apparatus of thb larynx as the 
expanded bellows to the organ, which,, by the gradual 
collapse of the former, is supplied mth a conttnuc^js 
stream of air till the air is exhausted, when the benbiitfs^^^^ 
must be refilled; or as the indiarubber membi^e 
which, in the child's toy, is attached to a whistle, 
which, when blown full of air, by its subsequent elaS^e 
contraction gives rise to a sustained note in the whistle. 

The elastic condition Of the windpipe described abpye 
has, however, a farther siguificitocs, aS it supplies the 
material fisr the . constmction of the tone-prodhoing 

The elastic fito^j whi^ 
iine^ the ■fin^ipe^^^^^ tissue, are to 

mnlttoHed and closely p^ed'^: ^ 
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• •gether, so as to form a strrag compact elastic mem- 
brane, which, ‘preset viug Ithe form of the transverse 
8eoti6n of the windpipe, is 'funnel-shaped. If, now, we 
suppose the windpipe to terminate with the highest 
cartilaginous ring, then this funnel-shaped sac will pro- 
trude freely beyond tlie upper end of the windpi|)e, and 
it is this protruding portion of the elastic membnuio 
which forms the Youndatiou of the vocal apparatus of 
the laryux. Before proceeding further, we will, however, 


I !... 
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first describe a simple apparatus, from which we shall 
easily understand the leading principles of the structure 
of the larynx. 

A tube of moderate length is formed of cardboard or 
any other material, the ^ameter of which should be 
about 2 cm. (| inch). An indlarubher tube about 4 cm. 
(1| inch) in length is then drawn ovei; one^end, so that 
it shall continue the cavity of the* cardboard tube. Care 
should, of coiprsc, be taken that both tubes are securely 
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fastened together, either ',with glue or by tying them^ 
round with strong string. If we blow into this appir' 
rntus from the other end of ^e cardboard tube, the air 
will pass through without producing any sound. We 
now, however, take the free edd of the indiarubber tube 
at two diametrically opposite pohits, and draw these 
points apart, so that the hitherto round opening assume 
the form of a narrow slit. The whde of that part of 
the indiarubber tube which no longer lies directly upon 
the cardboard tube resembles the shape of a wedge, the 
base*of which is round. If we now' blow again through 
the apparatus we find tliat it has become capable of 
producing tone, the indiarubber plates being to a greater 
or less extent thrown into vibration. If the^n8ioii:;|s 
slight, more of the plates will vibrate, and the tone 
be deeper ; when, on the contrary, the tension is greats, 
only the free margins bounding the fissure vih£|ij^ey<azid 
the tone is higher.^ 

Upon analyssing this apparatus, we find that the sotiill' 
is due to the two elastic places which are inq^ed towaid£q 
each other. The current of air, for instance, which has 
been driven through the spaoioim ** porte-veut ” enters 
the rapidly narrowing wedge-shaped cavity, from whioh 
it can only es(^pe by the narrow fissure between tl^ 
elastic plates. Where it produces vibration by its Mel^CHa. 
The force with which it is driven out through theifisfroze 
and acts upon the margin of the plates, is imdoabt^ 
partly due to the strength of the blast given, partly 
however, to the rapid contraction of the eavity 
wMch it passes, causing a^^^ increase in its 
tfae fissure-like outletv^^ rii^dity of the base of the : 
wedge-8hape4 which insures the entrance 

the latter of the eptiTO e^ air^ is ^ 

sufficient to pind^^ 
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« .bounding the fissnre is also, necessary. Let A and JB 
stand for the -two ends of ^the fissure, then the tension 
may •be creoted by drawing* these two points (.f and H) 
simnlhineously apai;t ; this is the raethotl adopted in the 
experiment just described.* The same result would, how- 
ever, be e(|U!iUy well' attained if one of the two points 
(e.g. IJ) were fixed, and the other jioint (.4) drawn away 
from it. Two conditions inu.st, however, he fulfilled before 
i? can be so fixed ; in the first place, it must l>e so fixed 
as to offer resistance to the tension exercised upon A, 
and secondly so as to be held at a constant distance from 
the base of the wedge. 

The apparatus here described illustrates exactly the 
tone-prodi.uipg apparatus of the larynx, and we have 
now only to discover how these fundamental laws of its 
construction are carried out. 

.sac formed of tdastic tissue, which projects 
beyond tlio** upper end of the wiudpiix!, represents the 
indiarubber tube of the above apparatus ; it must, there- 
/ore, fulfil aH those conditions which rendered the pro- 
duction of tone possible by«the ipdiarubber tube. 

The first of these conditions is the fixation of the base 
of the membranous wedge, and this, together with the 
second condition of the fixation of one end of the fissure, is 
accomplished by a single piece of cartilage, namely, by the 
mr/pd rartilaffe. This cartilage presents the ap|jearaneo 
of a perfectly closed ring, and is attached to the upper- 
most ring of the windpipe in the same manner a« the 
rings are united to each other ; being, however, in the 
form of a perfect ring, its posterior portion must rest 
upon the membranous posterior wall of the windpipe, of 
which it forms the upper termination, being attached to 
it by its lower border. In this respect, theref<fre, it forms 
a continuation of the wimfpipe. The lower border of the 
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cricoid cartilage, with the <^ception of a few uniiuportant. 
deviations, lies in a horizontal plane, therefore vertical 
to the axis of the windpipe^ the upper border, oa the 
contrary, ascends obli(iuely baekw^ds and upwards, 
so that the posterior surface i^ from three to four times 
higher than the anterior surface. The posterior portion 
of the upper border, again, is for a short distance hori- 
zontal. It is from this resemblance to a signet-ring, of 
which this posterior surface forms the “plate,” that the 
cricoid cartilage derives its name. Thus, seen from be- 
hind,*tbe middle portion of the upper border of the plate 
appears horizontally flattened, while the lateral portions 
descend rapidly forwards- Upon the angle between the 
middle horizontal and the lateral desceyding upper 
borders is, on either side, a small convex articular sur- 
face for the attachment of the arytenoid cartilage, which 
wdll he described presently. The structure of t^ijj^arti- 
lage is fairly strgng throughout, but is thif^r at the 
sides, and thus the cavity enclosed is not round, but 
oval, with its longt^st diameter from before l^ackwards. 

Now, the sac of ela^io tissue, alluded to above, is 
firmly attached to the entire inner surface of the cricoid 
cartilage, except in the immediate neighbourhood of the 
articular suriaces, thus fixing the lower periphery as 
the lower periphery of the iudiarubber tube was by 
the cardboard tube. As, however, the elastic sac 
precisely the same height as the plate of the criebid 
cartilage, support is at the ^me time given to a 
triangular portion of the postetibr surface of the sac, tbs 
apex of which lies in the highest pointpf the plate. Hsrbt 
then, we have the necessary fixation of one end of the 
tone-prodacing fissure ; for the fissnre, formed ^ 
the free mar^s of themiembnmet and-oaUed the jidoi^ 
commences at tl^ poihti from ^ it passes 
cally forwm^ds. 
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* For the tension of the nmjrftins IwnJering this fissnre, 
which are called tli&rocttfchordjt, some arrangement is 
required which shall draw away the anterior end of the 
fissure from the posterior end, which is attached to the 
cricoid cartilage. This condition, again, is met in the 
simplest manner by tne organisation of the larynx, and at 
the same time a protective envelope is given to the vocal 
apparatus. Both'^ objects are again fulfilled by a single 
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piece of cartilage, namely, the thi/roid cartUitye. The 
latter is a plate of cartilage, the surface of which is so 
curs'ed as to form a sharp angle in the middle line of the 
body, which gives it almost the appearance of being 
formed of two lateral plates, firmly Wended together in 
front, hiach of these plates is five-sided. The upper, 
lower, and posterior borders are approximately straight ; 
the anterior border, on the contrary, is mailed half-way 
by sneh a strong projection as to fall into two halves. 
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an upper and a lower, meeting at an obtuse angle and, 
constituting the fourth and fifth sides of the plate. By 
the lower of these two halvcs’the two cartilaginous plates 
are firmly blended into a whole. . As, moreover, the 
height of the two plates is considerable, the larynx is 
thus provided with large, rigid walls, and the vocal 
apparatus which they enclose adequately protected. They 
also deteniiine the outward form of the larynx, and in 
thin persons especially are distinctly visible, the pro- 
jection which they form being called the “ Adam’s apple.” 
The ^jart played by the thyroid cartilage in connecting 
the different parts of the larynx, and also as a basis for 
its movements, will be shown presently ; here we have 
only to consider its direct participation in tin? structure 
of the larjmx. Now, w'c have already observed that the 
tension of the vocal chords is due to the thyroid cartilage. 
To produce this effect it must be attached to thgjaBterior 
end of the fissure, and accordingly we find this end 
firmly attached in the receding angle formed by the 
union of the two plate#. The upper portion only, of the. 
elastic sac is affected, Iwwevfer, by thia attachment, the 
rest lying free between the lower border of the thyroid 
cartilage and the upper border of the cricoid, and pre- 
senting the appearance, when viewed from before, of a 
connecting wall between the two; it is called the cti^ 
thyroid memhraM. 

Begttlar movement cannot be carried ont ; without ft 
pivot and a moving foree. The thyroid carfalftge fto- 
quires the former in the following manner. The posterior 
border is prolonged above and h^low into stem^l^ 
processes, which are called the mperior Ktidi 
horm of the^thyrqidoftrtdft^*^^^^^ superior 
for the ftttadhment of the thy^d oartilftge to the ^ 
bone. Thi lower h<^ 
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1 on the posterior portion of the lateral surface of the cricoid 
cartilage. If, now, we cut away any width we please 
of the lower border of the thyroidj cartilage, including 
the inferior horn of eithey side and the angle at which 
tlie two plates unite in front (see Fig. 7 ), we obtain a 
cartilaginous are, which articulates by its two free ends 
(the iuferitir horns) with the cricoid cartilage, and, by 
the middle of its ciuicave fronts, is fastened to the anterior 
termination of the glottis. The portion thus ai’tificially 
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renjoved from the thyroid cartilage is the solo agent in 
the adjustment of tlie vocal apparatus, the other parts 
merely constituting the protecting envelope. 

Two movements are possible to this arc from the 
manner of its articulation. It can, for instance, be either 
drawn directly forwards, or it may complete part of a 
circle upon an axis drawn through the ti|0 points of 
articulation. It is clear«that the first movement must 
cause a tension of the vocal chords; and that the second 
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must have the same effect, \will be seen at once from the. ' 
diagram given in Fig. 9, whidb sho#8 that the movement 
in a circle upon the axis of lihe two articulations ^ust 
increase the distance between the point of attachment of 
the vocal chords to the thyroid eartHages, and their point 
of attachment to the plate of the cricend cartilage. 

, A small but powerful mmcle (Fig. 8) serves as moving 
force for these movements of the thyrdid cartilage. This 
muscle (the crko-lhyroid) springs anteriorly, from the 
outer surface of the cricoid cartilage; it then expands, 
and ‘is inserted into the lower border of the thyroid 
cartilage and the anterior border of its inferior horn. 
The parts of the muscle which are attached to the in- 
ferior horn tend rather to advance the thyrqi<t* cartilage, 
those which are attached to the lower border to make it 
describe an arc. The movements described above as 
both possible and most effective are thus completed siiaul- 
taneously, and the glottis becomes depressed in its 
anterior portion by the tension of the vocal chords which 
enclose it, while the ela,pitic {plates W'hich terminate. as the 
vocal chords are at the* same time (then; point of attach- 
ment w’ith the cricoid cartilage being unmoved) drawn 
downwards. 

Thus we see that the tone-producing (vocal) apparatus 
of the larynx bears a perfect resemblance to the caont- 
chouc apparatus described above, the indiarubl^ tube 
bdng represented by the elastic sac, the cardWard tube 
by the cricoid cartilage and the windpipe. The tension lof 
the margins of the fissure which in that apparatus 
peHbrmed by the fingers, is one-sided in the larynx, 
end of the fissure being fixed in the ciiooid cartilage, 
the tension being ^ffect^ &om the oHier end the 
of the thyio^ eaililsgik 
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The GUittis ami iU Adjusting Cartilages. 

There is another point to he consitlereil in connection 
with the structure oi the glottis. It was given above as 
a general law of the air-passages that their cavities uuist 
always be open. If, however, the glottis were a fissure 
like that in the caoutchouc apparatus, the inspired cur- 
rent of air, by pressing upon the two plates, would press 
their edges together, and thus itself close the passage 
into the wiiidpii>e. This difficulty is avoided in the 
.simplest manner ; the two posterior ends of the vocal 
chords do not lie close togedher at the point of their 
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attachment to the cricoid cartilage, but are removed from 
each other to a distance of about 5 mm. inch) ; in other 
words, the plate of the cricoid cartilage does not, like the 
thyroid cartilage, fix one point merely in the periphery of 
the elastic membrane, hut about 5 mm. inch) of the 
periphery. Thus the glottis presents the appearance of 
a triangle, with a narrow base lying ppsteriorly upon the 
plate of the cricoid cartilage, itd long sidds terminating 
in an apex situated within the hollow of the thyroid 
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cartilage. It is, tlierefort, always open for both the. 
entering and returning corrects of Bir. 

Notwithstanding the necessity and conreniente of 
this arrangement of the glottis, it is undoubtedly a dis- 
advantage when the vocal chords are to ho employed for 
the protl action of tone. If the vocal chords are to be 
tJirown into vibration by the current of air, the fissure 
between them must be a very small otie. At the utmost 
the width of the glottis cannot exceed 2 mm. inch) in 
the production of tone, while the vocal chords m^st be 
brought as closely as possible together for utterance to 
be easy and without effort. It is clear, therefore, that no 
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tone can be created in the wide-open, triangular glottw. 
We know, moreover, that ordinary respirstion, and even 
the deepest and strongest inspiration or expiration, are 
effected without tone. Thus we are led to anticipate 
some arrangement which can be vpltmtarily employ^ 
to place the vocal chords in the necessary relations^ 
the produc^wl^tQne.^^^^^ 0:;% 

This arroi^^ent IS given the sz&i^ 
arytenoid cartilage) which ai^ atbached^^^ 
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' the vocal ehonls. Each ewtuago is triangular and pyra- 
midal in shape, with its baso directed downwards and 
its apex upwards. The internal lateral surface rises 
almost vertically from thttbase and bonds inwards, while 
its lower margin is attacIuHl to the outer surface of the 
vocal chords ; the two other lateral surfaces face out- 
wards, one to the back, the other to the front ; they form 
with the base a prominent angle, which rests upon that 
part of the upper border of the cricoid cartilage olre,ady 
described as the articular surface for this CJirtilage. This 
angle is directed more backwards, because the posterior 
of the two external lateral surfaces unites with the vertical 
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iwsterior edge of the inner lateral surface at an obtuse 
angle ; the anterior of the two external surfaces must, 
therefore, meet the two others at a very acute angle. 

In considering the adjustment of the vocal chords for 
the production of tone, we are at present only interested 
in the relation of the base of the arytenoid cartilage to 
the vocal chord. If wo divide the length of the vocal 
chord into a larger anterior and a>smaUer posterior 
half, and then again dyride the posterior half into two 
almost equal sections, we shall be able to determine 
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more accurately the precisu position of the base of the 
arj’tenoid cartilage upon the vocal ^hord. * We may, for 
instance, describe this position as the anterior section of 
the posterior half. If, now, 8U<ih a horizontal direction is 
given to the base of the arytenoid catiilage of either side 
that the anterior angle of their bases come into contact, 
a very differe nt shape will be given to the glottis. The 
larger anterior halves of the two vocal chords, which lie 
between this angle and the thyroid cartilage, will, namely, 
be so closely approximated, that only a narrow hssure 
will bb left between them ; the two posterior halves, on 
the contrary, form the sides of a short, open triangle, the 
base of which lies against the plate of the cricoid car- 
tilage. It is endent that tone can only be*^reated by 
the anterior of these two parts ; hence it is called glottis 
rocalis, or better, jnirs t'oeolis glotiidu. The posterior 
portion, from the manner in which it exemplifies the lAw 
that the air-passaget) must always be open, is called the 
glottis raspiratoria^ or better, jmrs respiratoria glottidis. 
The portions of the vocal, chonis which are thus separated 
by the arytenoid cartilages^re, therefore, regarded as sepa- 
rate ligaments, and are called, from their attachments, 
the crivo-aryienoid and the thyro-aryfenoid ligaments. 

Thus the movement of the arytenoid cartilages adjusts, 
by a voluntary act, the anterior larger portion of the 
glottis for the production of sound, while, in a quiescent 
state, the entire glottis stands wide open and allows the 
current of air to pass through unhindered. If, however, 
the glottis is to produce a tone after being adjusted in 
this manner, it is clear that the current of air must be 
driven through it with a certain amount of force ; this, 
however, is i^jiossible as long as the glottis respirotohb 
remains open, offering an easy qscape to the current of 
air. It follows, therefore^ that if the glottig vocalU is to 
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.lie adjusted for sound, the regpmitor'ut must be so 

elosed that no air can escApe through it. This cannot 
be ef»ected by the rigid walls formed by the plate of the 
cricoid cartilage and the bases of the ar^’teuoid cartilages 
of the glottis nspiruioria itself ; the means of closing it 
is found elsewhere, and indeed in the form of the ary- 
tenoid cartilages themselves, by which the object is 
attained in the simplest maimer. 

The arytenoid cartilage rises, as we have already 
observed, as a triangular pyramid upon the base, the 
action of which has also been described. The internal 
lateral surface is free, and situated directly opposite the 
internal surface of the corresponding cartilage ; thus thi; 
current of .'ir issuing from the tflottis respirntorifi must 
pass between these two surfaces. As, however, the two 
posterior, vertical edges of these sxu-faees are so con- 
nected by a transverse muscle, which will presently he 
described, that the intermediary sp^ce is entirely tilled 
up, the two cartilages form with these walls a kind of 
channel or. groove, into vhicU the air passes ui>on 
issuing from the yiiipiruhirifi. This channel is 

not, howevir, of the same depth throughout, but from 
the triangular shape of the cartilaginous walls becomes 
shallower as it ascends, disappearing entirely at the apex 
of tlie arytenoid cartilage. The action of those muscles 
by which the glottis is adjusted is, however, such that 
not only the anterior angles of the bases, but the anterior 
margins of both arytenoid cartilages, arc brought into 
contact with each other. By this means the above- 
mentioned grox)ve is elosed ; the passage of air through 
the fjlotitH r»'»plratnrifi is, therefore, entirely stopped, and 
it is all forcfcil to pass through the glottis vocalis. 

The contact between the twef arytenoid cartilages is 
rendered more intimate, and the obstruction, therefore, 
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to the current of air moi^j complete, by two email car-, 
tilagcs (the cartilages of Sdntorird), wMch pass back- 
wards and inwards as prolongations, in the sha^e of 
small horns, of the apices of the arytenoid cartilages. 
By the mutual approximation of the arytenoid cartilages 
these little cartilages of Santorini are firmly pressed 
together, and thus are of material assistance in securely 
closing the upper end of the groove. 

The movements of the arytenoid cartilages are, in 
common with all voluntary movements, produced by 
mnseles which are attached to them, and which, moreover. 
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offer several points of interest. Two of these muscles 
contract the glottis, and these adjust it for the produc- 
tion of tone, while two others effect its relaxation. 

Before attempting to describe the action of these 
muscles, we must have a clear conception of those 
secondary causes which regulate the results of their 
contraction. There is scarcely a single muscle the 
stretching action of which works independently, for there 
are always ^then forces acting upon the point tc be 
moved, so that the movement ajising from any muscular 
contraction is the double result of the.action of the 
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.muscle and those other farce.«:. Thus, for instance, the 
bending of tlie lower part of the arm towards the upper 
is no'fc dne to the direct action of the flexor muscles, but 
is the combined result of their action and the resistance 
of the elbow-joint. It is true, indeed, that those other 
forces, as in the example just given, consist in the 
resistance offered by the joint, and we often lin<l, there- 
fore, that the structure of the joint is regarded us regu- 
lating the movement caused by the contraction of a 
muscle. Looking at the tpiestion from this point of 
view, there is a temptation to consider the articulation 
of the arytenoid cartilage, by which tiie outer angle of 
its base rests upon the plate «»f the cricoid cartilage, as 
regulating die movements imparted to the arytenoid car- 
tilage by its muscb s. We must, however, distinguish 
two kinds of articulations, differing very essentially from 
each other. The one kind do undoubtedly, from the 
clear mathematical contour^ of their,, articular surfaces, 
regulate the direction of the movement made, and thus 
form 1^ joint in the meehap.ical .sense ; the other kind, 
on the contrary, .are eharacteriz^'il by the more indefinite 
contour of these articular surfaces, and even by the 
incongruity of the latter, and can less he said to regulate 
than to allow movements : they do not, therefore, repre- 
.sent joints in the mechanical sense, but merely gliding 
sui^uces (‘*.slot” would be tlie technical mechanical term). 
The elliow-joint may be taken as an example of the first 
kind, while the condyles at the lower extremity of the 
femur, upon which the knee-cap moves, will illustrate 
the second. 

The more closely we examine the articulation of the 
arytenoid cartilage with the cricoid cjirtila^c, the more 
are we convinced that it belongs tb the second category, 
and that its form cannot determine the character of the 
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movements of the arytenoM cartilage. Their character* 
is rather determined by th*e connection of the inner 
margin of the base of this cartilage vcith the vocal 
chord, and the superposition gf its external angle upon 
the cricoid cartilage can only, by ^fhe resistance which 
that point derives from below, form a component in the 
result of the muscular action. The interposition of a 
serous sac between the gliding surfaces of the cartilages 
is mendy an example of the universal presence of serous 
sacs in all places where there is friction. Serous sacs of 
this Rind are called bursm mucosae, to distingtiish them 
from the synovud bursae of the joints, with which, how- 
ever, they are closelj’ connected. The most accurate 
descriptions of this contact between the ai^enoid and 
the cricoid cartilage would therefore be — that it is a 
gliding surface provided with a bursa mucosa, and 
lacking the true character of a joint. 

Taking this vie*v, therefore, the resistance by which 
the result of ninpcular action upon the arytenoid car- 
tilage is modified arises from the elastic tension of 
parts or of the whole of "the vocal chords, and from the 
reaction of the cricoid cartilage. The latter, by only 
acting upon a certain portion of the base of the arytenoid 
cartilage, gives to this case the character of a two-armed 
lever, towards which the cricoid cartilage acts as fulcrum. 

The muscles by which the arytenoid cartilagd is 
moved have their point of attachment partly without 
and partly within this fiilcmm. It is, therefore, not 
quite correct to call the angle of the base of the arytenoid 
cartilage which projects upon the cricoid cartilage the 
mtisadnr process, because it would thus seem that this 
part were th# only point for the attachment of mi|^ele8> 
while the reason for t)ie idioice of this name has onl^y 
been to distinguish this angle of the base. from the very 
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'iK'ule angle which i.s connected with tlie vocal chord, and 
to which we gave the name of vocal process, 

file manner in which tlie different dilutions and 
forces described abiwe together effect the resulting mus- 
cular action, will be' best seen from an analysis of the 
largest of these muscles, the thitro-ariftcHoul. This 
muscle arises from the posterior surface of the thyroid 
cartilage, close to the attachment of the vocal chords, 
and is inserted into the greater part of the anterior 
surface of the arytenoid cartilage ; a line connecting the 
central point of origin and of its insertion, which will 
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at the same time give the direction in wiiich the muscle 
pulls, will therefore ascend outwards. The action of the 
muscle, if unimpeded, must, therefore, be to bring the 
central jioint of its insertion, that is, about the middle of 
the anterior surface of the arytenoid cartilage, into a 
straight line with the point of attachment of the vocal 
chord upon the plate of the cricoid cartilage, and with 
the central point of the origin of the muscle upon the 
thyroid cartilage. The cartilage, viewed .from above, 
will then rotate in such a manner that its antorior 
margin and vocal process will be forced considerably 
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inwardR ; a «ide view would, however, show that the, 
cartilage must be drawn downward#. Thte central point 
for both movements must Be the point at whiclf the 
vocal chord is attached to the plate of the cricoid car- 
tilage, round wliich the above-mentioned point upon the 
anterior surface of the arjtenoid ‘cartilage will rotate 
till it is brought into that straight line. It never, hovr- 
ever, quite attains this position, for itS rotation onwards 
is stopped by contact with the opposite cartilage, and 
the downward movement impeded by the elastic counter- 


Fic. 1.V 



of tliyro-ar>'t<»^noul ujcscte. Viewed from above; B, side view. The 
arrow iiidicAten t)K> dirocUou in which the mtiecle pnlis. In A, the dotted line represents 
the <rtiicr vocal chord (of the right side). A show* the position vf'hlch would l>e by 

fhe itui<^le <f» the arytenoid cartilage If there were no imtiediineui in the way of the 
cniuplvtion of its action ; B show's that the muscle must depress the vocal choivt 

tension of the vocal chord (in the broader sense), w^ich 
by this movement is drawn down into an angle, the apex 
of which lies in the vqcal process. The action of the 
thpro-arytenoid muscle is, therefore, to adjust the vocal 
chord, strictly speaking, for the production of tone, at 
the same time drawing it downwards. It was often said, 
formerly, that the thyro-arytemid, being a muscle winch 
runs parallll to the vocal chord firom . before himkwards, 
must by its pull upon the ax;^enoid cartilage cbhti^. 
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.smd therefore relax the true vocal chord ; as this, how- 
ever, did not a^Toe with tht? necessity for a corresponding 
tension of the vocal chord, it was thought that this was 
compensated for by the innermost part of the muscle, 
which lies close to tko voi^'a! chord, becoming thicker in 
consequence of its contraction, and at the same time 
forcing the vocal chord inwards. This inner portion of 
the muscle has on' this account even been distinguished 
as the thjpo-dnftfiiouleun intrrnuii. In addition to the 
fact that no compensating action is to be found in this 
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manner, it does not appear necessary to seek it when we 
renvnuber that the chonl is always in a 8tat<5 of con- 
siderable elastic tension, and becomes still more stretched 
when depressed. 

The action of the nntrrhr (lateral) erico-artftenohl 
muscle is similar to that of the last. It arises upon the 
upper margin of the lateral portion of the cricoid cartilage, 
and is inserted into tfie muscular process of the arytenoid 
cartilage. Thus it- ascends from before liackwards, and 
must, therefore, draw the muscular proecs.s downwards. 
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As, howovor, the arytenoid cartilage here acts as a two- , 
armed lever, the portion wMch liA within the cricoid 
cartilage will move backwards and upwards, and a# the 
same time rotate upon a vortical axis, in such a manner 
that its vocal process will f>e turned inwards. The 
central point for ail these movemenls is here, again, the 
]K)int of attachment of the vocal chord (in the wider 
sense) to the cricoid cartilage, as the a(ftion of the muscle 
in question, if entirely unobstructed, would be to draw 
the muscular process of the arytenoid cartilage into a 
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Action of the f>o#t^rior criv-i»-*ryionoiU mu^le. The arrow altows the direction in 
which it {Mill;*. SidevUfW. (Cf. Hg. if».) 

straight line with the central point of its origin, and 
with the point of attachment of the vocal chord to the 
cricoid cartilage. The movement, therefore, which this 
muscle imparts to the arytenoid cartilage is in all 
respects similar to that which it derives from the thyro- 
(irytaund, and, like tlie latter, occasions the closure of 
the glottis, or its adjustment for the utterance of sound ; 
the one difference being that the glottis is placed liighmr. 

The two other muscles of the arytenoid cartilage' have 
the opposite effect upoft the glottis ; that is, they vriden 
it. This is most clearly seen in the posterior erico- 
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arytemul. It arises upon tlie posterior suHace of the 
plate of the 6rit?oiif (‘artilaj^o, occupying, indeeti, each 
lateral half of the ])late ; its fibres then converge and are 
inserted into tlie nuisculaf process of the arytenoid carti- 

Vui. S'*. 


P 



fnim 

lage. Its action is such that it draws down these points 
of the aryte noid cartilage backwards and inwards. The 
greater part of the arytenoid cartilage, which lie.s within 
the cricoid cartilage, is consejpiently drawn outwards, 
that part which is furthest from the, fulcrum upon the 
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cricoid cartilage, namely, the vocal proce8.s, making the 
largest excursion in that direction. . Thus the action 
of the posterior cnco-ai^jtenoid fnusclo is to widen the 
entire glottis, in .such a manner that its greatest width 
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fallH between the vocal procesBes, while at the same time 
these points are considerably faised. 

The transverse arytenoid muscle is a broad musffolar 
I>Iatc which passes from the outer margin of the posterior 
surface of one arytenoid cartifage to the corresponding 
part of the other. The action of fhis muscle is to ap- 
proach the two arytenoid cartilages together till that 
portion of the vocal chord known as the enco-arytenoid 
liyament is rendered tense ; the arytenoid cartilage then 
rotates upon the point where it is attached to the vocal 
chord in such a manner that the vocal processes are 
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drawn apart and the glottis widened. But at the same 
time the vocal processes are somewhat depressed, and 
the position of the glottis consequently lowered. 

By the action of the four muscles attached to tlie 
arytenoid cartilages, the quiescent form of the glottis, 
w'hich was compared to a triangle with a narrow base, 
can l)e enlarged to a rhomboidal opening, the shorter 
diagonal of which passes from one vocal process to the 
other (posterior crko-arytencid m., tramversc arytenoid 
m .) ; or its ajiterior portion (the true vocal chord formed 
by the thyro-arytmoid ligament^ can b'e contracted to a 
narrow hssure, the posterior portion (pare respireddria 
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fflottulh) remaining a triangular opening, but, as already 
shown, efficiently closed by the meeting of the anterior 
margins of the two arytenoid cartilages (thfro-nn/tenoiiJ 
ill., anterior rrito-uri/tenoul »».); and both forms of tht‘ 
glottis can be acconipaniod by its elevation {aiitcrior 
crko-arutenoul) or In’ its depression (thyro-arytemnJ , 
transverse arytenoidi . 

Naturally tlioso movements only arc of importance 
in the production of tone which are connected with tin- 
closure of the pars roealis ijlottidis. Here, however, it is 
of importance to mark the results of the depression or 
elevation of the glottis. From the manner in which the 
glottis is formed by the free periphery of .a sac, it is 
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evident that the ejitrance to it from below is formed by 
the converging lateral portions of the membrane, which 
pass inwards as broad plates (vocal chords) from iht? 

r margin of the cricoid cartilage, to be more or less 
closely approximated by their edges forming the glottis. 
Thus the vocal chords together form a kind of roof ; and 
siiu-e the base of these plahts remain.^ unaltered upon tlie 
cricoid cartilage, it follows that they will make a more 
acute angle witli each other when the glottis is raised 
than when it is depressed. The result mu^t, moreover, 
Ix) that when the glottic is depressfsd tbo vocal chords 
will he more fully affected by the current of air, and 
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therefore a greater part of them can take part in the 
sonant vibration than when tile posftion of the glottis is 
higher, as then the current ‘of air flows more gently 
along the lateral walls which lead to it. 

The Superior Cavity of the Larynx. 

The neutral space situated between the actual vocal 
apparatus and the pharynx (the superior cavity of the 
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Iar}'nx) may be described generally as bounded by the 
hyoid hone and the vocal chords ; this, however, would 
seem to imply that the height of the cavity was the same 
throughout; it will be better, therefore, to mention at 
once that, although the lower boundary is formed by the 
horizontal vocal chords, the upper boundaiy^ is cha* 
roctcrized as being the entrance from the jpharynx into 



62 


THE MORGANS OP SPEECH. 


f the larviix. This entrance lies in the anterior wall of 
* 

the pharynx below the cavity of the mouth, and descends, 
therefore, obliquely backwards. The upper boundary of 
the superior cavity of the larynx must, therefore, also 
slant backwards, nod the cavity itself be higher before 
than behiiul. .\n exaruiitatiun of the hyoid bone and its 
relations to the larynx will be the first step towivrds a 
clear comprehension of the situation of these parts. 

The Ihunotl or ht/ohl bom- resembles in shape a horse- 
shoe, and consists of live segments. The central part of 
the bone (tlio body), forming the middle of the arch, is a 
bony plate of about 3 cm. (1'17 inch) in length and 1 cm. 
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{'89 inch) in width. This plate lies, with its long axis 
placed transversely, immediati-ly under the integument 
of the throat, at the point where the upper horizontal 
division of the anterior surface of tljc throat stjparated 
by the lower jaw passes into tlie lower vertical division. 
Two separate piec«-s of bont', which are called horns 
(i/.ntiin), are attached to the lateral borders of the body ; 
one is terme-d tlie greater horn (coraw imijus), the other 
the lerser horn [cortin ininm). The greater horn i.s a 
rod-like piece of bone, about 3 cm. in length, which by 
its broader anterior end is attached to thq lower half of 
the lateral border of thq body ; ii passes, parallel to that 
of the other side, horizontally backwards, and termi- 
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nates posteriorlj in a small tubercle. The lesser horn 
is a rod-like piece of bone, ©nly ^ - 1 cm. in length, 
which rests upon the upper half of the lateral border of 
the body, and is directed upwards and backwards. It 
gives attachment to a long, sfender* ligament (the 
hyohi), which arises upon the styloid process of the 
temporal Itone. These two muscles (of the right and 
the left side) thus hold the hyoid bonb suspended from 
the base of the skull ; they alone would, however, not be 
sufficient to effect this object. The position of the hyoid 
bone ‘is due rather to its connection with a number of 
muscles, the stylo-hyoid ligaments acting merely as a 
support, and as a security against undue depression. 

The hyoid bone is situated from 2^-3 cm. (•95-1*17 
inch) above the upper margin of the thyroid cartilage, 
witli which it is connected in such a manner that it sup- 
ports the thyroid cartilage, and with it the entire larjmx 
(cf. Pig. 8). A string broad^elastic ligament (the middle 
tkyro-hyoid muscle) passes from the posterior surface of the 
body of the hyoid* bone .to t^je anterior depressioiv of the 
thyroid cartilage ; and 6u either side a rounded ligament 
(the lateral thyro-hyoid tmiscle) passes from the tubercle 
at the end of the greater horn of the hyoid bone to the 
superior horn of the thyroid cartilage. In addition 
to this, a strong membrane (the thyro-hyoid membrane) 
passes from the entire lower margin of the hyoid bona to 
the whole of the upper margin of the thyroid cartilage, 
and is connected with the three ligaments just mentioned. 
Thus the larynx is firmly suspended from the hyoid bone, 
and through the latter from the base of the skull, 
without losing its mobility towards the hyoid bone, or 
with the hyoid bone towards other parts. 

If we now examine *the relation of the hyoid bone to 
the cavities in which we are interested, we find that 
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, floor of the cavity of the mouth passes obliquely back- 
wards and downwavits ovofc the upper border of tlio body 
of the hyoid bone, till, iinmodiately in front of the ceiwical 
vertebra>, it eoraos ;n contact with the posterior wall of 
the pharynx, with n.’hieh it combines to form the <eso- 
phagus. As. however, the body of the liyoid bone is 
necessarily removed by the entire length of the greater 
honis from the vertebral column, against which they are 
directed, it follows that the hyoid bone constitutes the 
upper jx;riphery of a funnel-shaped .space leading into 
the iTsophagus, the posterior wall of which is vortical, 
the anterior wall descending a.s an inclined plane from 
before backwards. Now, the latter contaiuB the entrance 
into the larynx, or rather into the superior cavity of the 
larynx, and it is clear, therefore, that the upper limit of 
this orifice will he so situated that the anterior portion 
will be considerably higher than the posterior portion. 

We are now in a position to eonsider the form of 
the superior cavity of the larvujx more closely, and, with 
thi.s object in view, will take the inclined plane ju.st 
mentioned as our starting-point. 

It has already been shown that the arytenoid car- 
tilages are placed upon the posterior division of the 
vocal chords, from whieli they rise in a pyramidal form 
to a height of about 1 cm. ineh), and again that 
their posterior surfaces are connected hy the transverse 
arytenoid muscle. The two cartilages, W'ith this inter- 
vening mu.scle, thus enclose a cavity situated above the 
mo.?t posterior portion of the glottis {pan renpiratoria), 
the important effect of which arrangement we have also 
pointed out. This space belongs, however, actually to 
the superior cavity of the larynx ; for though it forms, to 
a certain extent, part of < the vocal apparatus, it is clear 
that it must be immediately connected with the superior 
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cavity of the larynx, and therefore covered bj' the mucons 
merabraue, which passes front the ftoor oT the cavity of 
the mouth into the msophag&s. We find, namely, ^hat 
the inclined plane formed by this mucous membrane 
commences at the upper border of tire body of the hyoid 
bone, from which it passes to the upper border of the 
tra nsverHe <tn/tenoul muscle ; the mucous membrane 
then descends over the posterior surfa^ of this muscle 
and the posterior surface of the two posterior crico- 
arytenoid muscles lying upon the plate of the cricoid 
cartilage, and finally from the lower border of the plate 
of the cricoid cartilage to the free oesophagus. 

Now, in this plate of mucous membrane there is a slit, 
extending from the liyoitl bone to the arytenoid muscle, 
which marks tlie eutrancu from the pharynx into the 
superior cavity of the larynx, and by means of which the 
mucous membrane of the pharynx is continued as the 
inner lining of the* air-passages. The surface traversed 
by the mucous meijibrane between this slit and the vocal 
chords is the lateial wall of 4116 superior ca-sdty of the 
laryux, and as this wall is higher beti^^en the hyoid 
bone and the vocal chord than between the upper 
border of the transverse arytenoid muscle and the vocal 
chord, it follows that the superior cavity of the larynx 
must be higher anteriorly than posteriorly. 

If this narrow entrance leading into the superior 
cavitj' of the larynx were, however, a simxfie slit, then its 
edge would consist of mere folds of mucous membrane 
placed close together, and which by their mobility would 
be pressed downwards and against each other by the 
entering current of air. This, however , would be in direct 
opposition to tjie laws of the organization of the walls of 
the air-passages. We fiave still, therefore, to discover 
whether the law which ensures a free coursa through the 
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' air-passagos is fuUyiod in tho form of tJiis slit. This 
object is attainod iu a siirpri-singly simple manner by 
the strncture of the epiglottis. The foundation of the 
hitter is a peeuliarly formed ]»late of elastic cartilage. 
Its form hfis often ‘lieen compared to that of a .sjioon, a 
comparison which is in many respects an apt one. The 
upper part eonsists of a rounded plate, the lower part of 
a thin .stem, the length of which is, it i.s true, scarcely 
more than the diameter of the plate. The great jioint 
of intere.st, and that, more*;nt^r, which i.s particularly well 
shown in the comparison, is the maimer in which the 
stem i.s united to the plate. This, namely, is the same 
as that in which the stem of a spoon is generally joined 
to the bowl — that is with a double curvatiire of the surface 
— so that when the spoon is held vt'rticully tho IkovI lies in 
a plane parallel to the stem, and not in the plane of the 
stem itself. Now, the steui of the ejiiglottis is inserted 
in the mnWe. thuro-hiiovl li^ionu nt^ so ‘that its axis lies in 
the direction of the lil»res of the ligament (cf. Fig. 22). 
From this arrangement it follows that, as long as the 
larynx is suspended by fhis ligament, when the latter is 
necessarily .stretched, the stem is held iu a vertical 
position. The jilate then ascends behind the iMwly 
of the hyoid bone; its broade.st part forces its xvay 
through the slit, and so si-parates its margins, just as the 
ihargins of the glottis are .separated by its broad attach- 
ment to the plate of the cricoid cartilage. Thus the 
entrance from the [ihiuynx into the larynx is always 
open, its form being that of a triangular slit, the base of 
which faces upwards towards the epiglottis. We must 
remember that this is not tho only function of the 
epiglottis, but, stretching upwards into the free cavity of 
the pharynx, it ac^s qit the same time as a valve, which 
according to its position can either close the entrance to 
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the cavity of the month or that the larynx. This 
point has already been ullutKd to, but will be discussed 
more fully as we jiroceed. 

The free passage to the superior cavity of the larynx 
is not, Ijowever, due to the epiglotjfis alone, for small, 
solid bodies are found in ilie folds of mucous membrane 
{the arytenu-ep'ujlottukan fuhU) which border the slit 
passing from tlie sid(^ of the epiglottis to the transverse 
arytenoid muscle. Support is given to each of these 
f9ld8 immediately above the arytenoid cartilage by the 
('arlilfi{te of Santormi already mentioned, and between 
the latter and tlio epiglottis there lies another small 
cartilage, the cartilage of Wrisberg. 

In this manner an open connection is maintained 
between the superior cavity of the larjmx and the 
pharynx, whilst the cesophagus is, on the contrary, alwa3^s 
closed by the larynx pressing against the posterior 
wall <jf the cc‘SophagU 8 whi<jh lies upon the vertebral 
column, and by tlje free walls of the a?sophagus below 
the larynx contracting upon •themselves. This relation 
is only altered during the passage of fbod, when the 
entrance to the lar^mx is closed and the oesophagus 
opened. Thus, of the two continuations of the pharynx, 
that which, as the superior eaxity of the larynx, leads to 
the vocal apparatus, is always open, and we must, there- 
fore, in considering the relation of the organs in question 
to respiration and the formation of voice, regard the 
superior eaxity of the lorjmx as the lowest i)oi*tion of the 
pharynx, when the latter acts as an air-passage. 

The entrance to the superior cavity of the larynx, like 
the similarly organized passages of the nostrils and the 
glottis, can b|i directly contracted by means of a mus- 
cular layer which surrounds it. This layer varies gr^tly 
with tljie individual; but as a rule we find a n om h^r of 
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bandies of muscles, which, arising upon the base of the 
arytenoid cartilage of one fide, ascend obliquely over the 
posferior surface of the transverse arytenoicl muscle to 
the apex of the arytenoid cartilage of the other side, and 
then, i)assing ui)\Yards in the arytcno-epigluttidean fold, 
are inserted into the' side of the epiglottis. That part of 
this muscle which lies behind the transverse ar^'tenoid 
is called the uri/Unouiem ohliquus, and that within the 
arytono-vpiglottidean fold the ariftfuo-i'pifjlottitL-Hs. The 
action of this muscle is twofold ; it must, for instance, W 
lateral pressure dra\¥ tlie arytenoid cartilage iirwards 
towards the cavity of the larynx, and, on the other hand, 
it must depress the epiglottis. Tlie action of this muscle 
is in both cases reinforced by two bundles of muscles 
which are generally found in the larynx. Thus its action 
upon the arytenoid cartilage is reinforced by a muscular 
bundle in the form of a loop, the dt-presHor cartilapiniK 
which, with the mitefu/r 

arises upon the lateral portion of tlie cricoid cartilage, 
and, iJprcading backwards over the lowest portion of the 
arytenoid cartilage, is inJic-rted nito the upper border of 
the plate of the cricoid cartilage ; this presses the 
arytenoid cartilage inwards towards the cavity of the 
larynx. In connection with the epiglottis its action is 
reinforced by a muscular bundle, the th/m-epiijbittuhiis, 
which, arising upon the inner surface of the lateral plate 
of the thyroid cartilage, is inserted into the side of the 
epiglottis ; it draws the epiglottis downwards. 

The upper cavity of the larynx is, generally apeaking, 
a broad space between the glottis and the entrance 
from the pharynx, which has jnst been described. The 
walls are formed entirely of mucous membrane, and 
pre.sent a certain degree of rigidity in froiit only, where 
the mucous membrane i.s firmly connected with the 
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midtilt' thyro-ejnglottic ligament, and J>ehind, where again 
it acquires a lirra 8up[K)rt frim the arytenoid cartilage 
and the transverse arytenoid muscle. Its lower border 
is Ijorizontal, corresponding to |,he position of the glottis ; 
its upper opening into the pharynx^ls, on the contrary, 
incluied backwards and downwards. Tliis inclination, 
moreover, does not exactly correspond ^with that of the 
inclined plane which wc took as a foundation for our 
description, but is considerably more abrupt, its upper 
end being driven more backwards and upwards by the 
epigldttis, which ascends in a backward and upward 
direction. The current of air, which ascends vertically 
as far as the glottis, will then gradually assume a more 
backward direction as it passes into the pharynx, against 
the posterior wall of which it will strike, and then, gliding 
upwards upon thi.s posterior wall, enter the posterior 
nares (cf. Fig. 6). In the same manner, the current of 
air entering through the nose >^-ill first strike the posterior 
wall of the pharypx and glide downwards upon it into 
the larynx. Thus the; entrance to the cavity ®f the 
inouth, situated between the 'posterior 'nares and the 
upper entrance into the larynx, never comes directly in 
contact with the current of air during quiet respiration, 
the air being farther prevented from entering by the two 
valves, the soft palate and the epiglottis, which, with the 
dorsum of the tongue, form a fairly perfect partition 
betw'eeu the cavity of the mouth and the pharynx. 

Yet another structure demands our special attention, 
the so-called ventridm of Morgagiti, situated in its latend 
walls, and most intimately connected with the pro- 
duction of tone in the larynx. If the edges described 
as the vocal ^ords are to vibrate so as to produce a 
tone, they must be free chords or edges. The vocal 
chords cannot, however, be free in this manner hconi 
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below*, as they are not iiulepeiideiit striieturos, Init merely 
the terminations of the vo»al plates which converge up- 
wards towards them. They acquire this freedom, how- 
ever, snftioiontly frtnu above, as immediately above the 
actual vocal chords (thyro-arytenoid ligaiuent-s) a deep 
depression occurs in the lateral wall of the superior cavity 
of tl>e larynx, which, at first passing outwards along the 
entire Icngtii of the ligaments, afterwards ascends upon 
tile outer side of the mucous membrane with w'hich the 
superior cavity of the larynx is lined. It is tlii.s pouch 

K..: Si. 
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xvhich is called the ri nttit U of Xli/rymfni. Its anterior 
ri.st;s .somewhat higher than it.s posterior portion. 
These vi ntricles give to the vocal chords the form of 
sharp edges, xvhich are well adapted to perform musical 
vibrations. Without them the glottis would merely pre- 
sent the appearance of an isthmus, bomjded by blunt 
prominences in xvhich the current of air could only have 
created a whi.stling sound. The ventricles of the larynx 
‘.nay also pofi-sibjy reinforce the, tone by rexsonance. 
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l^umm4ry. 

We have now completed our examination of the 
larynx, and may briefly sum up the conclusions we have 
arrived at as follows : — 

(1) 'Die external form of that organ which is called 
the larynx is determined by the thyroief cartilage. 

(‘2) Two parts must be distinguished in this organ ; 
namely, the vocal apparatus, and the superior cavity of 
the larynx. 

(3) The superior cavity of the larynx is merely a 
neutral space interposed between the pharynx and the 
vocal apparatus. It exhibits no special organization 
beyond the rigidity given to its walls by the cartilages 
embedded in tliem, of which the epiglottis is the most 
imjHudant, and the weak muscular layer which serves for 
the contraction of. ^ts orifice.^ The ventricles situated in 
its walls rather belong to the vocal apparatus, as they 
give freedom to the vocgl clnjrds. 

(4) The vocal appaVtitus is f(»rmed, by the elastic 
lining of the larynx, which is a thickened continuation of 
tile elastic lining of the windpipe; the approximated 
edges of two sides of this lining constitute the tone- 
producing “ vocal chords." 

(5) The cricoid cartilage is the foundation upon 
which the apparatus is constructed. 

(fi) The thyroid cartilage and the crico-thyi'oid muscle 
effect the tension of the vocal chords. 

(T) The glottis when quiescent is in the form of a 
irituigulor fissure; when adjusted for tone its antmor 
larger half becomes a narrow fissure, its posterior pprtiop 
a rounded oimning. 

(8) The glottis is adjusted for tho production of tone 
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by the wyteuoid (jiirtilages, ami by two of the four 
miifseh>vS to which the nH>vcfciieut of the latter is duo. 

(V)) That portion only of the vocal chord whicli lies 
between the thyroid cartilage and the arytenoid cartilage 
can act as a vocal 'chord in the true sense of the w'ord 
-that is to say, can produce tone. The activity of the 
apparatus mentioned in (0) and 1,8) is therefore entirely 
or chiefly directeil to this point. 


Thk Phakyntc. 

IIa\"ing thus fully described in the preceding section 
the interesting apparatus which detennim-s whether the 
current of air in passing from the windjtipe to the suc- 
ceeding cavities shall be accompanied liy tone or shall he 
toneles.s, we must now proceed to examine tliat cavity 
which it must traverse before finally escaping cither 
through the nasal cavity or the cavity of the mouth. 

The pharynx is the immediate upward continuation 
of the a:;sophagus, and i-s therefore, like the latter, 
nothing more than a tube'of mucous memlirane enclosed 
externally by a muscular layer. Postvriorly and on 
either side its walls are clo.sed ; it has no such anterior 
wall, and stands, therefore, in open connection with the 
three spaces which are situated one imnusliuhrly alK)%'e 
the other, namely, the larvTix, the cavity of the mouth, 
and the nasal cavity. Above it presents a blind termina- 
tion against the bavSe of the skull, to which it is firmly 
attached ; passing downwards behind the larynx, it 
contracts, immediately below the entrance into the 
latter, into a narrow slit, from the antcro-posterior 
pressure to which it is there subjected, and this slit leads 
into the cavity of the cci^phagtiH,* which is closed by the 
contraction of all its walls, and which passes downwards 
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below the larynx. We may thus regard the pharynx as 
closed, from our point of tiew, by this slit sitnated 
between the larynx and the posterior wall of the phar^x ; 
for here the latter ceases to be an open cavity, in which 
condition alone it can act as an air-’passage, and there- 
fore be of interest in our present investigation. 

Fig. 25. 



TUo plmrynx. a. portion; h, oml portion; lMy«g4i'Al portion; poAtrrtor 

lortion of ttio posterior portion of tbe tongue? ; /, mipcrior entity nf 

»ryt»x ; fft hyoid bone ; K p«Ut« ; i, epigWUi«. 

In the formation of voice the importance of the 
pharynx is not only dhe to thp free passage which it 
presents to the current of air^ and to its cc^ection witih 
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. the cavity of the m^uth a«icl the nasal cavity, hut also 
e.«?pecially to 'Mio fact ths^ it is attached as a direct 
resohance tube to the supeHor cavity’ of the larynx, and, 
moreover, a resonance tube of variable lenj^th, thus exor- 
cising an influence spoil the pitch of the tones produced. 
We must defer for the present the discussion as to how 
this alteratiun in thf length of the pharynx is effoch-'d, 
and proceed now exaniine its f<>rm when at rest. 

In the first place, we must not imagine the jdnirynx 
to be an nprigbt tuIie of t-qual diameter. Its form is in 
a great measure <b‘termined by the parts which suriound 
it, in connection with which it must, therefore, be con- 
sidered. 

Xow, in order that it may always present a free 
passage, it is of the greatest importance that it should 
possess the same breadth throughout its length. Its 
uppermost part (the nasal portion) is firmly attached to 
the base of the skull by a surface whiph measures a little 
more than the posterior entrance to the nasal cavity — 
about ,3 cm. (ri7 incb) — imbreiurltb, while its depth from 
before backwanls is alxuifc *2 cm. ('73 inch). Its lower 
tenuination is firmly eonnected with the inner eircmn- 
ference of the hyoid bone, tlie greater bt:>rns of which lie 
alxnit 3 cm. (1'17 inch) apart. Thus its Ijreadth is Jixed 
by these two attachments, and is, as the measurements 
show, the same at the base of tlie skull and at the hyoid 
bone. Below the hyoid bone it falls otf rapi<lly, disap- 
pearing below the larynx in the contracted walls of the 
cavity of the fesophagus. Between the two jioints of 
attachment just mentioned, the lateral walls receive no 
support from any imbeddesl stnictures ; they are-, how- 
ever, kept apart liy several causes. This object is at- 
tained by their being, in the flrsf place, continuous with 
the rigid ratcral walls of the nasal cavity and with the 
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lateral walls of the cavity of the mouth, which, if not 
rigid, aro at least widely sepyated ; they lare, moreover, 
still further separated by th6 stylo-pltari/ngem muilbles, 
which descend from the styloid process of the temporal 
bone situated even further apart ;• while the effect is 
increased by the weight of the larjmx, which, with the 
parts below, is attached to the hyoid bone, drawing it 
doaaiwards, and thus necessarily stretching the walls of 
the pharynx between the two points of attachment. 

The depth (antero-posterior diameter) of the pharynx 
is less regular, and presents several peculiarities. The 
d('pth depends upon the distance of the posterior from 
the anterior wall, and may, therefore, be varied hy an 
alteration in the position of either wall, or both walls 
may be conccTncd in the alteration at once. This is the 
case in the pharynx. 

The conformation of the posterior wall is, on the 
whole, simple, as lie.s upon the anterior surface of the 
cervical portion of the vertebral column, by which its 
form i» deterraintd. Tl^is syrface is, it is true, qpvered 
by muscles, but they dre of^small size, and have no 
perceptible effect upon the surface they occupy. Now, a 
curve, occurs in this portion of the vertebral column, 
which is convex in front, and therefore the posterior 
wall of the pharynx will also be enrved forward. The 
liigliest part of this enrve lies almost opposite the gap 
between the soft palate and the epiglottis, from which 
point it gradually recedes upwards to the base of the 
skull, and downwards to the commencement of the 
o?8ophagus. The height of this curve of course varies 
greatly according to the individual, but may be roughly 
estimated at *2 cm. (*78 inch). 

The conformation of the anterior wall of the pharynx 
is less simple, for although its upper and lower diiitfops 
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are so fixotl as to bo eqiialh' tlistant from the pt>8terior 
wall — those parts, therefore, always constituting an open 
cavity — the conformation of the mitltUe divisitm is both 
different and variable. In the upper (nasal) portion 
we cannot, strictly’ siH'aking, distinguish an anterior 
pharyngeal wall, as the lateral walls of the pharynx here 
pass directly into the lateral walls of the nasal cavity, so 
that insteuil of an anterior wall we have merely the 
direct transition of the cavity of the pharynx into the 
nasal cavitv. We mav, however, still obtain an antero- 
posterior diameter of the jdiarynx at this point, .^s the 
nasal cavity is divided into two parts by a vertical 
septum, the posterior end of this septum forma the cud 
of the nasal cavity, and at the .same time th<* anterior 
limit of the pharynx. If. now, wc examine tiu; posterior 
margin of the nasal septum, we shall tiiid that it dtws 
not descend in a vertical line from the base of the skull, 
but that it runs distinctly forwards, so. that its lower end 
is further from the anterior surface of the vi-rtehral 
column than its upper end, although this part'of the 
vertebral column it.self advances. Tins lin*!, therefore, 
remains at almost the same distance from tlie posterior 
wall of the pharynx upon the vertebral column (the dis- 
tance being a little greater at its lower extremity), and 
givi-s to this part of the pharynx a constant depth of 
abont 2 cm. (*78 inch). 

The same i.s tlie case with the lowest (laryngeal) 
portion of tlie pharynx. .\.s the ends of the greater 
horns of the hyoid iMjnc lie against the vertebral column, 
the hyoid hone form.s with the latter a framework, the 
antero-posteiior diameter of which is from cm. 
(•78-1T7), and from which, as we have alyoady shown, 
the larynx is suspended,, The sp*ace below this frame is 
BO entirely occujded by the larynx that its posterior wall 
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lies upon the vertebral column, thjs entrance, from the^ 
pharynx to the {esophagus ho^g only marked by a narrow 
slit between the two. The Ipacc above the horizontal 
vocal chords is thus necessarily open, aiid this we fomid 
to be the necessary characterislic of that space, which we 
have already described as the sujjerior cavity of the 
larynx. As, however, it is directly connected by its 
orifice with the cavity of the pharynx — \^ith which, in fact, 
it is continuous — it may be regarded as the !owest portion 
of the phar\Tix in its capacity as an air-pa.ssage. This 
view 'is, indeed, contrary to that generally taken of the 
superior cavity^ of the larymx as part of the larynx, but 
the foundation for it will at once be seen if we allow that 
the pharyn.x in its two capacities terminates in a slit, 
and that the tramvi’rsc (irijtmoid mihsc/c constitutes a kind 
of valve, separating the anterior portion (leading to the 
larynx and windpipe) from the posterior portion (leading 
to the tesophagus).^ 

The middle (oral) part of the pharynx does not offer 
the smne securiiios for a Qonstant width as those ob- 
served in the parts just described. It appears, indeed, 
considerably contnacted in the direction from before 
backwards, at that part which lies directly behind the 
cavity of the mouth. Two causes contribute to effect 
this contraction. In the first place, it is at this {)oint 
that the curvature of the eerrieal portion of the vertebral 
column reaches its height; and, secondly, the hindermost 
portion of the tongue projects, when at rest, backwards, 
so that the two curves lie opposite to each other, merely 
separated by a narrow slit-like passage. The tongne 
docs not, however, advance freely into the pharynx, hut 
is covered above by the soft palate, which hangs down 
from the hard palate, and below by the epiglottis, wlpeh 
rises upw^ords from the anterior wall of the pharynx. 
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.Thus the caviU' of ^ the pharynx possesses aii anterior 
xrall sufiieient for the pifj-posos of closure, wliieh is 
fonried hv tlu posterior surface of the epiglottis, the 
I.HJsterior surf:u'e i>f. the soft palate, and a portion of the 
dorsum of t!u tongue .situated hetween tlurir free edges. 
The part markeil hy the free surface of the dorsum of tlie 
tongue hetA'.i iUi the tw«> valves, is the narro\ve.st portion 
of the pharvnx. 

Tims i)u‘ pharynx, in its eapneity as air-p.nssage, has 
the same I'retuUh througlumt ; its di }>th (antero-posteriov 
diameter : is greater above (i)elnml the nasal ea\ ity * ami 
below (jibove the larynx- than in the middh' (beliind tlie 
cavity of the mouth . It would tippear that tliis eon- 
forination e-f its cavity must 1 h- detrimental, and in 
opposition to the law which demands that all air-pttssage.s 
jihould be open. ^Ve fmd, bowever. that there is on the 
one hand no disadvantagt' in this arrangenn nt. while on 
the other it irs of great value in the fornaitionof uriieulute 
sounds. It is of no disadvantag*; heeause tlie narrowest 
space is .sutVicient to allow the ejirreiit of air to pass in 
and out during quiet resph-atimi ; in cases of gn at want 
of breath it is undoubte'lly too sinaii, and under such 
circumstances the cavity of the mouth must also be 
employed as an au-*pa.ssagc. Its advantage is dm- to the 
fact that by this arrangement a very slight backward 
wovrment of the soft palate is sufiicient to complettdy 
shut off the nasal cavity from the returning current of 
air, the full volume of which is thus led aside into the 
cavity of the mouth, where it can be cnijiloyed in the 
fonnation of sounds. The niccbaiiisni by which this is 
effected will be explained hereafter. 
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The NASAii. Cavity. 

The imHul cavity may be described generally as a 
long narrow passage through the bones of the face, 
hegiiming with the nostrils and teriylnating at the upper 
part of the pharynx. The construction of this passage 
is, howe\ er, not so simple as to render fiirther description 
unnec<'ssary. The mere circumstance that it also con- 
tain.s the organ of smell shows that the construction 
must to some extent he intricate, while, considered simply 
as an air-passage, it exhibits many interesting and im- 
portant complication s. 

77/#* Ih'lation of the Otyaii of Smell to the Air-Passages. 

Our attention is at once drawn to the fact that the 
nasal cuvity contains the organ of smell, because it 
is by mesins of t^e latter ,that we become cognizant 
of the fact that the nasal cavity constitutes the com- 
mencement of the air-passage, not by any i/eculiarities 
of the cavity itself. ^Ve sbalt see the reason of this if 
we consider the impurtiuit pai’t played by the organs of 
sense in the mainteuaucc of the organism. Thus, while 
they inform us of the presence and properties of external 
objects, they at the same time caution us against those 
objects which will ho injurious to the organism, and 
thereby afford us the opportunity of avoiding them. 
The eye and the ear act in tins maimer for more distant 
objects; the otiier organs perform the same duty for 
objects which are near to us — the skin in the case of 
immediate contactor temperature, while the tongue tests 
the properties of the sul^tances placed in the mouth for v 
mastication, and the nhae the ,p/oporties of the inspired; 
air. The organs of sense may, therefore, to a oeitaih 
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.extent be saiil to ])bif the part of sontiuels to the organ* 
iem. This pt ouliantv is particularly remarkable in the 
skill', all tliose parts which are brought most necessarily 
anti frequently into contact with external objects, the 
palms of the hantlc anti feet and the natural orifices, 
being espt'cially sensitive. This attribute is also unmis- 
takably till' I'ropcrty of the tongue, which not only 
possesses a dt licatc perceptive faculty for testing irauie- 
diate contact or temperature, but also for ascertaining 
the chemical proi»erties of the objects with which it is 
brought into contact. It is scarcely necessary to remark 
that the tongue tints liccomes a most important critic 
upon all the substauces which arc brought into the 
mouth. This is also the case with tlie nasal caviti' us a 
whole, wliicli is, indeiil, only sensitive to actual contact, 
here of rare occurrence, and to temperatures ; a certain 
part, however, tlie o/'.o«e/f/. properly .so-called, has 

a ptK'uliar perceptive faculty for testing the propertie.s of 
ga.seous sul'stiuices. Kow. .since the part s}>oeially organ- 
ized as the organ of smell j.s oujy accessible to gaseous 
substances, it b; evidt-nt that it must act as a Hcntiuel 
towards the latter, and tiiat, ther( fi>te, tiu' gaseous .suh- 
stanee.s which enter come us naturally and nc ct ssarily into 
contact with the organ of smell, as the .solid and liquid 
substances introduceil into tlie food-pHssage.s come into 
coEtiict with the tongue. The nasal tuivity seems, there- 
fore, to po.ssfss every characteriKtic of tlic natural air- 
pa-ssage. a view entirely borne out by its construction, 
which Avill lie rno.st easily and clearly understood if 
regarded in its relation to the entering and the i.ssuing 
currents of air. 

From wliut liars been said, it would appear that one 
jjortion of tin: mucous membrane must ‘ be specially 
adapted for the organ of smell, and this would leatl u« to 
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infer that there muet be some pec|iliarity attached to ^ 
that part. It will, therefor^ be well t<f discover the 
relation which it bears to the rest of the nasal eafity, 
at the same time obtaining some general information as 
to the construction of that cavity itself. 


Dividon of the Nasal Cavity into an Air-Passage and an 
Olfactory Chamber. 

Although the nasal cavity has been compared to a 
canal, traversing the bones of the face, its width is not 
the same throughout, but less at both ends than in the 
middle. The base in no way contributes to this increase 


Fie. 3». 



RelMlon of Ibo orgtn of U to ibc air-pAi>Mg« of ilie cavity (diiin'AiiimaiJc 
ioctionX in which the inferior turbiiuted bone lodicaM by 

the doited line ; chamber of the organ of ameU ; c, sepiim, 

of dimension, as it proceeds backwards in a straight 
line, We shall see presently the effect produced in this 
respect by the side walls. The point which is of greatesti 
interest to us now is to find that the middle pox^U 
is characterized by its greater height, being only c^pja* 
rated from tlie skull by a thin lamina of bone, 'vhi<^> 
from the numerous holes with whi<dx it is p^foi^ted, is 
called the ertbr^oirm plate, lu the xhiddle Ihas oS: ikS: 
chamber we find a {date ebmpcHSdd of bone and 
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'Which acts as a paHition or septum, dividing the nasal 
cavity into two parts, so that we liave a cavity of the 
right side and a cavity of tht? left side ; the anterior 
portion of t!»o septum divydt s the entrance to the nasal 
cavitv into the two ** nostrils,’' while the posterior portion 
divides the orilice of the nasal t?avity whicli is directed 
towards the plnir^^ix into the two hinder openings, 
which are known as the jtosferior nures (^choanae 

If we take a vertical section of the nasal cavity Jit 
the point of its greatest height, we see very clearly 
the relation betw'oen the cavit}' of the nose (sfrictly 
speaking) and the organ of smell. Thus we find that 
the upper portion of the side wall approaches so closely 
to the septum that there is only a narrow crevice left 
between the two. The organ of smell lies in the mucous 
membrane which lines this crevice, and which is provided 
with an immense number of nerve filaments. These 
fi^laments belong to the lobes of the ah'actorti nerve wbieh 
rest upon the upper side of the cribrifiirm i>late, passing 
through the holes of the latterdo the olfactory mucous 
membrane. I'lblow tlie thwice containing the olfactory 
organ the nasal cavity suddenly expands, forming the air- 
passage, properly so-called. We see from the section that 
the form of the latter is oval, the long axis being vertical, 
and the air-passage, conse»jnently, is higher than it is 
brtjad. As the upper part of tliis oval is necessarily 
farther from the septum than the middle, the entrance to 
the organ of .smell is not at the extreme snmmit of the 
air-p>a 38 age, but in the upjw portion of the inner cir- 
cumference. The upper part of the air-passage and the 
lower portion of the organ of smell are, therefore, in close 
proximity, only separated by a thin plate^ which, when 
examining the .side wall of the nasal cavity, we shall find to 
be the middle turbinated bone,^ In the section it has the 
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appearance of a tongue, 'which acts a| a partition between, 
the two cavities. It is remarkable that tSe approach to 
tlie organ of smell is still further contracted by the margin 
of the inferior turbinated bonejbeing enlarged, a similar 
thickening also appearing upon the s^tum, a little below 
the latter, so that between the two swellings a compara* 
lively narrow crevice leads from the air>passage to the 
organ of smell Now, as this insignificant entrance is 
the only means of direct communication with the inspired 
air, it follows that the cavity must to a great extent be 
filled T)y diffusion. At the same time we see why a cold 
in the head is always prejudicial to the sense of smell, 
the entrance to the crevice in "i^iich the organ is situated 
being more or less completely closed, and consequently 
excluded from the air, by the swelling of the mucous 
membrane with which a cold is accompanied. 

A closer investigation of the construction of the side 
wall of the nasal caaity will giye ns still more information 
as to the shape of the air-passage and its relation to the 
organ of smell. With this end in view we must first 
become acquainted with the roof of th^ nasal cavity, 
reserving, however, our special attention for those parts 
which constitute the side walls. 


The Bony Framework of the Nasal Cavity, 


The cranial and facial bones of the skull both take 
part in the construction of the nasal cavity, which may 
be roughly describe as that portion of the skull whieh 
lies between the base of the cranium and the arch of iSih 
upper jaw. The latter hi composed entirely of bone^ 


commenciug i^l^nt of thO ears with tile sygomatiOv^^^ 

and united in the me^h Hue ofgthe fabe to the Cjoame- : 
landing bone of the other 4^ 
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: this arch receives tl;c upper row of teeth, and is there- 
fore caJIed the &'Hp<Ti>r $tn^vUUtry 6o»e. The entire arch 
of fhe upper jaw is composed of a number of separate 
houes, and is strongly attached on each side and in the 
centre of the face w) the base of the skull. The lateral 
connection is formed by that part of the upper jaw 
known us the matur hone, which at once constitutes the 
auterior bonier of the temporal fossio and the external 
l>order of the orbits ; l>elow tbe outer angle of the eye 
this portion of the upper jaw thickens consideraldy, 
forming the prominence known generally as the “ cheek- 
bone.” 

The eentriil point of attachment, forming at once the 
inner wtUls of both orbits, is of the greatest interest from 
our {joint of view, forming as it does the framework of 
the nasal cavity. L(x>king more closely, we find that this 
attacliment is double, and only appears single because, 
in the immediate neighbourhood of the frontal Itoue of the 
cranium, the two nasal bones form aq arched connection 
between the highest port ions of the two attachments. In 
the skull of the adult it is diillicult to realize that the 
bonyeminence between the eyes, which we readily recog- 
nize as the bony framework of the upper {wjrtion of the 
externa! nose, is only a double continuation of the arch 
of the upper jaw. Tins diOiculty is merely caused by the 
elevation of the su{)erior maxillary bone, which forms 
with the teeth the central portion of the arch of the 
up{ier jaw. In the .skull of the infant, where tii© superior 
maxillary bone is not developed to so great a height, the 
dilBcuIty disapfjears, the continuity of the arch of ^o 
upper teeth with the malar bone is at once evident, and 
the arch of the upper jaw can be seen posing beneath 
the orbits. 

In that portion of the superior maxillary bone wbi<!^:y 
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lies closo to the median line of the fdce, we find a process* 
passing obliquely upwards an^ inwards, and forming the 
inner wall of the anterior opening of the orbit, ^he 
processes of the two sides are ^attached close together to 
the central part of the frontal bone, Being only separated 
by the narrow nasal bone. The gap left between these 
two processes, which above is partially covered by the 
nasal bone, constitutes the pear-shaped opening of the 
anteri&rnareg : in the living subject it i:i so covered by 
cartilage and integument as to form the external nose. 

This description gives a general idea of the nasal 
cavity, and especially of the relation of its anterior 
opening to the surface of the face; we have still to 
investigate the interior of the cavity. We shall do this 
most easily if we consider the arch of the upper jaw 
from below. We then see at once that the portion of 
this arch formed by the superior maxillary bone widens 
out considerably backwards, and that the margin of the 
surface thus forn:^ constitutes the alveolar arch, mto 
which the upper teeth ara inserted. The posterior 
margin of either superior maxillary bone is attached to 
a downward process of the base of the skull (or, more . 
strictly speaking, of the sphenoid bone) by which they 
are supported. A small bone (JUbe palate bone) is parldy 
the medium for this attachment; it is, however, un- 
necessary to describe its form and position here. 'Bhe^^^ 
space ctfhtained within the arch of the teeth is fiUed by 
a thin, horizontal, bony plate (the dr bony palate) » 
and this forms, while separating the cavity of the month 
from the cavity of the nose, the roof of one and &e floor 
of the other. The side walls of the nasal oayi^ are 
about as far^removed, each other above ^e hnxd c 
palsde as the postexi^ extremities of* the ar^ 

Njeeth are belOw 
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, ward than the hart! palate, for they are so closely con- 
nected with tlu' whole iuit^uai surface of those processes 
of thie base of the skull (ihe pleryi/oid prmcsiCi of the 
Wpheuoiil) as to only tenniimte with their posterior 
margin. On either side, therefore, these margins con- 
stitute the jK)sterior extremity of tho nasal cavity, the 
floor of which, however, terminates earlier with tho 
posterior margin of the hard palate, and tho roof is 

Kii,. «r. 



ff? rb* nr^ r4rtisjv.-ti thf: rniMfttr*' t»> tii*' afipth 

Uif' tuf Uvfte , i*, rxcx^iTsiTj ?/,x\rirw'>f*Awn»wfaii>» 


foi^nod by the whole of that pfjrtion of the skull which 
lies between the articulation of the nasal bono with tho 
frontal and the X'osterior border of the pterygoid processes. 

We have already remarked that the middle portion 
of the nasal cavity rises to a considerable height. The 
roof of thin part is formed by the enhri/imn plate. This 
thin lamina of bone lies almost horizontally between the 
internal margins of the orbital* vaults formed by the 
horizontal jiortion of the' frontal bone. Its upper surface / 
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may bo seen in the position descriftod, at the base of 
the cavity of the ekuU, and is characterized by a number 
of siovedike perforations. Upon its median line, wAicb 
passes from before backwards, may. be seen a smalb 
prominence somewhat resembling a cock’s comb, and 
therefore called the crista-gallu * This prominence 
divides the surface of the cribriform plate into two lateral 
halves, upon each of which lies the bfoad extremity of 
the ol/actijry nerve (the olfactory bulb), \Fhich sends an 
immense number of small filaments through the holes of 
the plate to the organ of smell. 

The roof of the nasal cavity in front of the cribriform 
plate follows the course of the nasal hones, which pass 
obliquely downwards and forwards. Beyond the posterior 
margin of the cribriform plate, on the contrary, the 
anterior surface of the body of the sphenoid bone descends 
as an almost perpendicular wall, which, however, soon 
turns backwards aljnost at right angles to form the under 
surface of the sphenoid. This latter surface articulates 
immediately with the inferior surface of the OQcipital 
bone, which extends as far as die foramei> magnum. The 
inclination of the whole surface is such that its posterior^ 
extremity (the anterior margin of the foramen magnum) 
is about on a level with the floor of the nasal eavii^w; 
The anterior portion of this surface, so far as it is 
laterally bordered by the pterygoid proees8es, beloiigs 
to the roof of die nasal cavity, and wnthin the same" 
limits is also attached to the uppm mari^ of die nai^ 
•septum. ■ - 

If we were to continue this surface forwai^ we sho^^ 
find that it would strike the lower eidremify of the nad^ - 
bone, thus conneotihg the uppm^ of the 

nam with die upperhfiai^in of fhe jck>^^ 
nasal eayii^ isi iberejkn» two i 
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, may be generally ti?scribe(\ as the air^passage and the 
organ of smell. Tl»e snace hotween the continuous 
surface just described aiuf the floor of the nasal cavity, 
djeing the direct connection between the anterior and 
posterior nares, is ■ plainly marked a.s the air-passage. 
The upper space, situated between that surface imd tlie 
cribriform plate, contains the organ of smell ; it has the 
appearance of an upward exteusion of the air-passage, 
from which alone it can be approached ; its anterior wall 
is formed by the nasal hone, its jwsterior by the sphenoid 
bone. Further, with regard to the air-passage, we find 
that it is lower hehimi than before, expanding like a 
trnmiX't as it i»roceeils forwards ; the extent of this 
expansion is indicated by the fact mentioned above, that 
the posterior prolongation of the floor of the nasal 
cavity u|>on reaching the anterior margin of the foramen 
magnum comes in contact with the under surface of the 
sphenoid and the occipital. The apgle at which this 
connection takes place gives the degree of divergence, 
or ratjier convergence, betwcei) the upj>er and lower 
extremities of the air-passtage. ^Ve shall speak presently 
of the peculiar construction presented by a horizontal 
section of the air-passage ; we need here only remark 
that it is considerably wider in the middle than at 
either end, 

f These two divisions of the nasal cavity are bounded 
laterally by several distinct pieces of l»one, a fact which, 
upon closer investigation, furnishes us with an important 
feature in our description of the bony framework of the 
nasal cavity. We have tlius far only regarded the nasal- 
cavity as a space enclosed by the two superior maxillary 
hones, stretching upwards l^tween the orbits as far os 
the base of tiie skull. If, however, we examine the inner 
wall of the orbit, wo finS that only the fommost portioni - 
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(the nasal process) of the superior fmaxillary bone ex-, 
tends to the base of the skulf; the greater part of the 
superior maxillary bone, whimi with its upper surface 
forms the floor of the orbits, being considerably removed* 
from the vaults of the orbits which* are formed by the 
frontal bone. Thus a gap is left, bounded below by the 
superior maxillary, above by the portion of the frontal 
forming the orbital vaults, anteriorly fly the nasal pro- 


Fio. s«. 



Ymlcal IratisvpriM* si'ciion of the DiwaJ cavlfj*; tbe bouxid&H#t between Oie diffemit 
marked l>y a. Superior maxillary bone wllb the antrom; etlimt^al oelU 
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frontal bone wIUj the frontal tifiins ; ibe upward ocudinuaiion of tbe neptam of tbe oo«e. 
the crl$U*galU, under which Uea the horitonul cilhiiform plate; tbe inferior tarbhuted 
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cess of the superior maxillary, and posteriorly by the 
sphenoid. This gap is flUed by a thin plate of bone, the 
on planum of the ethmoid, which thus forms the inher 
wall of the orbit. With regard to the lateral border otf 
tlte nasal cavity, we flndi therefore, that the superior 
maxillary forms the lateral wall of the air-passage ; tho 
os plmium of the ethmoid, on the contrary, cloaMl ex- 
ternally the nortion of the nasal eavify oonhuxung the 
organ of smeu, . 

The inni» snrfai!^ nf 
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^ os planum of the e^amoid *lie almost in a vertical plane, 
and yet it hus* been shown that the organ of smell must 
be sought in a crevice forming the upper space of the 
nasal cavity. If the os planum of the ethmoid is the 
true external boumkiry of tho portion of the na.sal cavity 
containing the organ of smell, these two facts offer a 
contradict ii‘n which must be cleared up. The dithculty 
at once disapjH'al’s when we find that tlie os planum is 
not a sc[.)iirute free pitilc of htme, but only tho outer 
coating of a large cellular mass of l)one which projects 
into the nasal cavitv, where it terminates in a .smiilar 
bony plate (the turbiiuitHl Inme), The space between 
these two plates is filled by the ethmoidal cells. 

We .shall have auotlier O|)portunity of speaking of the 
cellular cavities of these lateral masses of the ethmoid 
and similar appearances in the surrounding bones, and 
considering their general imporlauce ; we must, how- 
ever, itow devote a few words to tin* ^(jlation between the 
ethmoidal cells ami the utljoining bones. The lateral 
mass pf the ethmoid is a plan? righl-angkd panillclo- 
gram, the larger 8urfacc^^ of wHich, the os planum and 
the su|>erior and middle turbinated hones, have already 
been mentionc^d. With regard to the latter wc must, 
however, further observe that the os planum i.s comiwsed 
of two parts, a posterior (theo« plnnitm, strictly speaking) 
aipl an anterior (the huhrimnl htm). The laclirymal 
hone differs from the actual os planum in not formittg, 
like the latter, an unbroken continuation of the walls of 
the cells, but may, on the contrary, bo compared to a 
loose lid placed upon their outer surface ; in all other 
resijeets it has so entirely the appearance of being part 
of the os planum, that wc shall generally use the latter 
term for the two bones, which, iiowever, ft is usual to 
separate. 
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Tbo lateral mass of the ethmoid the same borders , 
as those which have already teen described as belonging 
to the os planum. They are, nowover, of some tbicbn'ess, 
corresponding to the distance of the turbinated bones 
from the os idanum ; thus they assufUe the character of 
narrow surfaces, and as such may be regarded as the 
lateral surfaces of the plane parallelogram, with which 
the lateral mass of the ethmoid has been compared. 
The lower of these surfaces rests with its outer edge, 
where it joins the os planum, upon the upper margin of 
the sdperior maxillary bone, and thus forms the roof of 
the air-passage. The further characteristics which this 
gives rise to will be described more minutely as we pro- 
ceed. On either side of the upper of these narrow sur- 
faces are half-broken spaces, a closer acquaintance with 
which is important for our thorough investigation of the 
cavity of the nose. In order to understand this charac- 
teristic we must examine a little more closely that part 
of the frontal honp which forms the orbital vaults, and 
remark particularh* the thickness of the inner, wall. 
This fact is quite apparent in‘*any sktill "without dissec- 
tion. The surface of the orbital vaults, namely, which 
is directed towards the cavity of the cranium is only 
separated from that of the other side by the intemiediate 
cribriform plate; the surface, however, which turns 
towards the orbits is divided from that of the other side 
by the whole of the space lying between the orbits, if 
the frontal bone is removed, we find that the inner part 
of the orbital vault consists of two plates, the one 
which joinsthe 08 planum of the ethmoid, while the otheS 
is attached to tbe lateral wall of the enbriform 
As, however, ;the two turbinated bom^ of the ; 1^^ 
mass of the ethmoid ard <mnn6oted wiUi *tiie same^;^^^ 
the cribiriform pkte, it app sac^ 
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cribriform plate fowas the roof of the orgaa of smell in 
the corresponding division, of the nasal cavity, detormin- 
ingf by its breadth the width of the crevice in which the 
organ is situated. - 

The construction which we have thus described as 
that of the bony fi-auitnvork of the nasal cavity, will he 
found to harnionixo j>erfectly with the relation between 
the air-passage and the organ of smell, to which we have 
already alhuled. We have, namely, only to prolong the 
lower edge of the inner surface of the lateral mass of the 
ethmoid (the middle turbinated hone), and wo* shall 
obtain the thin tongue-like wall of division between the 
upper portion of the air-passage and the lower part of 
the organ of smell, which has already been mentioned. 

The Extemnl Sose. 

We see from this sketch of the v bony framework of 
the nasal cavity, which wo shall presently make more 
complete, the importance of . the l>ony case to the 
cavity, giving as it does the characteristic conformation 
to the air-passage, aud setting aside a special chamber 
for the organ of smell ; nevertheleiss, the walls of the 
nasal cavity do not entirely consist of this Iwny founda- 
tion, but are provided with an extenial prolongation of 
sveh a form that the whole of the pear-shaped orifice is 
closed, and the entrance to the nasal cavity confined to 
the comparatively small o|)ening8 of the two nostrils. 
This prolongation affects tlie side walls as well as the 
septum, and is partly prodticffd by plates of cartilage, 
partly by the external skin. The result of the combina- 
tion is the external nane. ^ 

The cartilage’s of Ihu extemarnose arc of two different 
kinds, which, differ materially from each other. The 



• 

oue, namely, has more the cliaraei^risties of bone, the , 
other those of the accessory parts of the ejftemal skin. 

The cartilages of the firs# kind are remains of •the 
rudimentary skull, by which is meant the earliest form 
of the skull— the exact minufturc, indeed, of the fully 
developed skull, but consisting merely of a continuous 
capsule of cartilage, instead of the separate bones of the 
latter. These separate pieces of bone,*whieh are united 
when the skull is fully developed, are produced from cer^ 

FiC. 29. 
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Cnrill«g4« of the externil ncee, o* TriangqUr cutilago ; h (idiAded with veitfciUjiiefliX 
Ihe lower iaieral cartlteijc of the noMril, 

tain points or centres of ossification, which are found 
partly in the cartilage of the rndimentary sknU, and 
partly in the perichondrimn. A portion of thm rudi’^ s 
mentary cartilag^ous skull remains unossified at the^ 
anterior extremity of the nasal cavity, standings w ^ 
same relation to the bph^ vn which it m 
costal cariiht^s to ihewibs, of which Uiese 
also merely mdimsiems hon^ 
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lagmous prolongatioa of the walls of the nose consists of 
a middle plate, whieli forms the aiiterior lower portion of 
the Septum, and two lat^rTal plates, which fonu a con- 
tinuation of the nasal bone. Although these three plates 
are composed of a single piece of cartilage, the central 
plate is gcnerjvlly distinguished as the cartHaginom 
septum, and the two suialler lateral plaks, which unite 
with the latter upon the dorsum of the nose, the trktn- 
puLtr httenil cartilapfs. 

The cartilaginous septum protrudes to siioli a distance 
beyond the j>t>ar-shaped opening of the auttador nares, 
that, with the exception of the tip, it supp»>rts the dorsum 
of the whole external nose ; it tloes not, lunvever, extend 
either to the extreme tip of the Jiose, or t<i the edge of the 
septum, which may bo stoii dividing the outt.r margin 
of the nostrils. Thus it forms, if not a perfect, yet a 
very efficient extension of the bony septum. The lateral 
cartilages are, ou the contrary, unimp()rtnnt, and repre- 
sent the side walls of the cavity in a much less decided 
manne/. The well-known form,pf the externa! nose is 
completed by the integiuftent of the face, w-hich is Con- 
tinuous with the mucous membrane lining the interior of 
the nasal cavity. 

The lowest marginal portion of the septum, formed 
entirely by the skin, is short, hut possesses, as we know, 
coysiderahle mobility; it is called the septum mahik. 
Tlie lateral portions of the external nose, wliich are 
fonned in the same manner, are considerably expanded, 
and bang like a loose curtain between the skin of the 
check and the dorsum of the nose ; they are therefore 
called the ahe of the nose. 

The mobility and softness of the alie of the no.se, to 
which we have just alluded, are, 'however, m direct pp- 
position to that fixity which we pronounced as an indis- 
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pensable characteristic of the walls^ of an air-passage ; , 
anti the al» of the nose affoj^, therefore* an excellent 
means of demonstrating the im'portance and the necessity 
of such a peculiarity in an air-passage. If, namely, the 
entrance of the air is impeded by* lightly laying the 
linger upon the nostril, and a strong inspiration taken, 

■ the ala of the nose falls in, and if a great inspiratory 
effort is made, remains in such close contact with the 
septum that the passage is more or less entirely closed 
to the air. * Tins experiment shows, however, at the 
same* time that there is no danger of the air being 
excluded in this maimer in ordinary quiet breathing. 
On the other hand, the mobility of the nose offers the 
great advantage, that by this means the entrance of 
air to the nasal cavity can be regulated, as we shall 
presently show. There is, moreover, another peculiarity 
in the formation of the nostril, which, without affecting 
the mobility of the mose, secures the entrance of air into 
the nostrils. A c 5 >,rtiiaginou 8 ring is, namely, inserted 
in the periphera of the nostril, where it does not* come 
in contact with the lower margin of the Rnterior narOs, 
which stiffens the skin forming the nostril and thus 
keeps the latter open. The principal portion of this 
ring is formed by the lower lateral carriage, a moderately 
broad, thin plate which is situated in the lower central 
portion of the ala, and, curving round the lobe of the 
nose, runs into a narrow process which is endoSed in the 
fold of integument forming the septum mobile. Pos- 
teriorly the plate of mtegument situated in the ala is 
produced into several united eartdaginous plat6S--4h:(B 
sesamoid mrtt%e«----whioh extend as far as the anteiiof 
nares. The Ipbe of the hose, therefore, is formed of the 
curved portion of the lof^er lah^ cordages cl the ri^t 
and the left side, thh Mward prw qf 
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situatetl in the septUin mobile. This construction of the 
"^lobe of the nose can often be distinctly recognized by a 
shaSlow vortical groove, bat still more plainly if, ns it 
sometimes happens, one cartilage projects beyond the 
other. 

The Muscles of the Nose. 

The gi'eat adA antago of the pobility of those parts of 
the nose which are in close proximity to the nostrils, 
especially the ahe of the nose, is that by this means the 
entrance of air into the nasal cavity can be regulated. 
It is true that this arrangement chiefly affects the organ 
of smell, but this fact is in itself a reason why a 
certain amount of importance should attach to the 
quantity of air admitted. Tlie development of this 
mobility into actual motion is, of course, due to certain 
muscles, the disposition of which we find to be such that 
some produce an alteration in the width of the nostril, 
while others affect its position. Here, again, much is 
attained by the smallest peans, for* it is through the 
action of four ynuscles only that all this is accomplished. 
There are, indeed, other smaller muscles distributed over 
the surface of the nose, but these are much too unimpor- 
tant to exercise any perceptible influence, even where 
they are fully developed, which, however, is very rarely 
tip case. Their whole value lies in the fact that they 
are indications of similarly arranged, but much more 
powerful and therefore more active, muscles in the 
lower animals. 

Of the four muscles mentioned above, the largest is 
the one which distends the nostril by raising the ala of 
the nose. It arises upon the side of the bony external 
nose, close to the inner angle of the eye, and descends in a 
straight line to the angle between the ala of the nose and 
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the cheek, where its fibres terminate partly in the ala of , 
the nose, anrl partly a little lower down in the upper lip. 
Wlu-n in action it draws the *last-mentioned angle up- 
wards, thus raising the ala of the nose and the adjoining 
portion of the upper lip, and at the^feame time dilating 
the nostril. It is therefore called the levator lahii supe- 
rloris alu'-que naisi. Its action may be seen when a very 
strong inspiration is taken, especially in shortness of 
breath, when it affords entrance to a greater amount of air. 

The antagonist of this muscle is one which it partly 
cover#, and which arises upon the incisive fossa im- 
mediately above the outer incisors, passing upwards to 
angle between the ala of the nose and the cheek. A 
number of its terminal fibres are here inserted in the ala 
of the nose ; the rest, however, extend further, spreading 
out in a fibrous aponeurosis over the entire dorsum, 
especially that part which has no bony foundation. The 
first division of this muscle is called the depressor aloe 
nasi ; from a fals^ conception of its position and con- 
sequent action it is, however, sometimes called the levator 
aloe nasi. The second division, from its fibrous expan- 
sion over the moveable portion of the dorsum, draws 
that x)art of the nose downwards, and is therefore called 
the compressor naritm. The two muscles act unani- 
motisly in one respect, for they both cause a diminution 
in the quantity of air admitted into the nasal cavity— *a 
fact which has no effect upon the process of breathing, 
but, as we shall presently see, is of some importance to 
the organ of smell. 

The two muscles which we have just described are the 
most important, and most fireguently brought into action, 
from their portion upon the exceedingly mobile of 
the nose. Closely related to them we' find* however, 
two smaller muscles, the action of which is reiertnoM to 

;:-W; . 
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. the lobe of the nose ; the one again being an elevator 
and the other a depressor. 

*^he elevator of the lofio of the nose — the m. pt/raini- 
tlalis nani — is a double bundle of libi'es, which does ni»t 
arise upon any partionlur surface of bone, but is a pro- 
longation of some of the fibres of thoj'rontal run- 

ning down the dorsum of t!»e nose towards the lobe. Its 
size varies in different individuals ; ns a rule, it does not 
extend beyond the lower margin of the nasal bone. As 
it finally blends with the integument, its action is to 
draw the integument of the dorsum of the nos(< slightly 
upwards, and therefore slightly to raise the lobe. 

In opposition to this muscle is the drjm-itsor 
jnnhiliH. This, again, does not arise from any special 
bone surface, but consists merely of a few bundles of 
the orbit'ulnris orin, which, passing upwards, terminate 
in the septum mobile. Their action is to draw the latter 
do\vnwards, and with it the lobe of the nose. 


If, now, before proceeding to a closer examination of 
the walls of the nasal cavity, we briefly review the facts 
obtained from ‘the foregoing description of the con- 
struction of the nasal cavity in general, we have the 
following results : — 

(1) The nasal cavity, with the exception of a portion 

of the external nose, is a space entirely enclosed liy 
walls of bone, which opens anteriorly by a narrow orifice 
in the face to the outer air, and posteriorly by an 
equally narrow orifice in the uppermost part of the 
pharynx. , 

(2) A septum, also for the most part composed of 
bone, occupying a vertical position in the median lino 
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the cavity, divides the latter from the anterior tc^ 
the posterior orifice into a right and a left* portion. 

(5) An almost liori;!ontal A'oss-piece, which, however, 
ascends forwards, again divides each half into two 
spaces distinguished by their diffetenee in width, but 
immediately connected with each otlier. 

(4) The lower, wider space is the air-passage, strictly 
speaking ; it is bounded laterally l)y the superior 
maxillary bone, and the pterygoid processes of the 
sphenoid with the accompanying palate bones ; the floor 
is formed by the hard jialate, with which posteriorly 
the soft palate is directly continuous ; posteriorly the 
roof is formed by the under surface of the body of 
the sphenoid, and anteriorly by the under surface of the 
lateral mass of the ethmoid. 

(.'5) The upper, narrow space is the organ of smell. 
It has the appearance of a small crevice-like upward 
extension of the a\jr-passage, which is bounded laterally 
by the inner p^jate (middle turbinated bone) of the 
lateral mass of tVie ethmnid. Jt ascends to the cribriform 
plate, and is bounded posleriofly by the anterior sur&ce 
of the body of the sphenoid, anteriorly by the nasal 
bone ; its lower boundary is given by the plane (sec. 8), 
which, from the under smrface of the sphenoid, extends 
as far as the nasal bone ; below it is slightly enlarged 
by the middle turbinated bone, without, however, bemg 
in any way detrimental to the air-passage. (This point 
will be ti'cated more fully presently, and is only alluded 
to here, that the division between the two spaces should 
not seem too pronounced.) 

(6) The external nose, where the nasal bone does 
not form its foundation, is principally to be regarded as 
the most anterior portibn of the air-passage ; it consists 
partly of plates of cartilage, which a^ direet con- 
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tinuations of the nasal bones, partly of folds of in- 
tegument, wiiicli round the two nostrils are stiffened 
by rmgs of cartilage. 

(7) That part the septum also M'hich is situated 
in the external nose, is formed of cartilage retaining 
this character also for some distajjco into the nasal 
cavity. 

(8> Tlie cartilaginous portion of the extonial nose 
can ho moved by muscles in sueli a manner, that by 
one pair of muscles the ala, and by another the lobe, 
of the nose can be elevated and depressed. 

The whole of the nasal cavity is lined with a 
mucous membrane which is continuous with the outer 
integument at the nostril, and at the posterior nares 
with the mucous membrane of the pharynx. The 
mucous membrane of the ctuxice, in the upper part of 
the nasal ca-vity, has a peculiar organization which 
enables it to act as the organ of smell,. 


The I inter Wall,, of the Xu Curit;/. 

We have already observed that the space which is 
commonly called the nasal cavity is really divided into 
two spaces, so that, to bo perfectly accurate, we should 
distinguish a right and a left nasal cavity ; as, however, 
both cavities stand in precisely the same relation to 
the current of air passing through thorn, and therefore 
act as a whole, the term “ nasal cavity ” is still generally 
' applied to the two spaces. Still, in a closer examination, 
this division must not be forgotten. We must remember, 
namely, that each cavity has two walls, the inner one 
of wliich is formed by the septum, and the outer one 
by the superior maxillary bone artd the ethmoid. 

The inner. lateral wall formed by the septum offers 
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little of importance, it being simply a smooth and even 
surface, bearing the single characteristic of that^fold 
of mucous membrane whicli serves to narrow the 
entrance to the organ of igmell. • It consists funda- 
mentally of two tbin plates of hone and a plate of 
cartilage, which are so united at their margins as to 
represent a single plate. , 

In fact, the septum in the rudimentary skull consists 
of a single plate of cartilage, of which the two bony plates 


Fig. 30. 
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desciibed are only ossified porfions. These bony plates 
are the perpaidictilar plate of the ethmoid and the vomer. 
The latter is situated between the under surface of the 
body of the sphenoid and the upper surface of the hai’d 
palate, its upper border (guttural edge) forming a line 
extending frqpr the anterior lower angle of the body 
of the sphenoid to the forward tei'mination of the hard 
palate. The perpendicular plate, of the ethmoid is 
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.attached before to the nasal bone, above to the cribriform 
plate, behind to the anterior surface of the body of the 
.sphenoid, and below to the po.sterior half of the guttural 
edge of the vomer ; a fifth free border passes from the 
middle of the vomer to the lower extremity of the nasal 
bone, l^efwoen tliis border and the anterior half of 
the guttural edge of the vomer lies the rartihupiioua 
.'trptui/i, the curved margin of which projects in frtuit of 
the antei’ior nare.s, between the lower extremity of the 
nasal bone and the anterior extremity of the haril 
palate. Tiie iiortion of the septum still remaining 
between the latti-r and the nostrils i.s composed of the 
fold of integument which we already know as the septum 
mobile. 

It not unfrequently happems with this construction 
that the septum is unsymrnetrieal, that it.s central iiortion 
i.s bent in on one side, bulging out at the corresponding 
point on the other side into the oppo>rile cavity. 

Far more complicated arc the lateral walls of the 
two n.i-sal cavities, for they presKiit all the peculiarities 
connected with the pas,sage of the air through the nose. 

The first thing which strikes ns in this wall is the 
difference between the chamber of the organ of smell 
and the air-passage. We see on the latter, namely, 
two convoluted inu.ssel-sbaped pl.ates of bone, so situated 
that their concavity faces downwards, and covered with 
the mucous membrane which linos the nasal cavity. 
The lower of tliesc two plates (the infrriitr turbinatril 
fmu’) ma}' for the present remain unnoticed ; the upper 
one, however, i.s more important. It is called the middle 
turhinated bone, although this title is most unsuitahlo, as 
it implie.s the existence of an upper tuKf)inatcd bone. 
There is, it is true, another similar small plate of bone 
to be seen above the middle turbinated bone, wliicli is 
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called the euperior turbinated bone ; but its formation 
and its relations are so different, that'it cannot be 
considered as equal in impoftance to the middle tur- 
binated bone. Strictly speaking, the relations of the 
inferior turbinated are quite (Uffertmt to those of the 
middle, and the common designation bestowed upon 
these two bones is equally misapplied; nevertheless 
there is more excuse in the latter case,*as the two bones 
bear an outward resemblance to each other. 

The middle turbinated bone divides the air-passage 
from ’the organ of smell. It is, in fact, a downward 
prolongation of the inner surface of the lateral mass of 
the ethmoid, leaving between the latter and the septum 
a narrow crevice-like space, which is an immediate 
downward extension of the chamber of the organ of 
smell. Tliere is, however, an intermediate space between 
this middle turbinated bone and the superior maxillary, 
whicli is the high^gt part of the air-passage. Thus the 
upper part of the^air-passage and the lower part of the 
organ of smell be on the same plane, only separajted by 
the middle tm-binated bone, ai£d the crevke of the organ 
of smell opens into the ui)per and inner portion of the 
air-passage. The entrance to the former is, as we have 
already observed, greatly contracted by the thickening 
of the mucous membrane upon the lower margin of the 
middle turbinated bone, and by a similar swelling upon 
that part of the septum which is opposite to it. The 
chamber of the organ of smell commences in the narrow 
opening thus left, expanding slightly as it passes 
upwards. 

In shape the middle turbinated bone may be eom> 
pared to a right-angled triangle. Its lower margin 
begins a littfe below and before the lower angle of the 
body of the sphenoid, and proceeds parcel with the 
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horizontal floor of the nasal cavity forwards, terminating 
under the upper end of the nasal bone ; the anterior 
malgin then starts upwards at a right angle, passing 
ncarh" to the roof of tlie nasal cavity. Tho hypotenuse 
which connects those two lines is formed by tho attach- 
ment of the turbinated bone to the lateral mass of the. 
ethmoid. It is the same line which ha.s already been 
mentioned as coiitimiing the under surface of the body 
of the sphenoid, and forming the upper boundary of the 
air-pa.ssage. It is elear that this lino must ascend us it 


riv. 31. 
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pa$.ses forwards, and con.so(inently that the air-passage, 
the roof of which is marked by tl»e under surface of the 
middle turbinated bone, must be bigbor before than 
behind. The importance of this construction probably 
consists le.s3 in forcing the air througli tlie ensuing po.s- 
terior contraction, as in the fact that space is given for all 
the air which enters the nasal cavity in the air-passage, 
and that it is thus kept back from the chamber of the 
organ of smell. 
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This view is borne out Iby the peculiarity of the^ 
anterior tnargin of the turbinated hone anft the manner 
of its union uath the side wall* of the nasal cavity. The 
anterior portion of the nasal cavity, so far as it is formed 
by the external nose and the ant(Jrior nares, is very 
narrow; the inner wall of the superior maxillary bone 
then ri'cciles considerably, the nasal cavity becoming 
proportismately wider, to contract again at the pos- 
terior nares. It is precisely this wider portion which is 
roofed by the tuibinated bone, the anterior margin of 
which curves forwards and outwards into the narrower 
portion, where it is continued for some distance parallel 
to the dorsum of the nose as a low fold, losing itself in 
the even surface, which extends to the nostril. The 
space below the turbinated bone thus commences with a 
trumpet-shaped opening, which is peculiarly well adapted 
to take up the greatest part of the entering air and to 
dh*ect its course iivtj^ the air-passage, while only a small 
quantity will be abje to force its way through the narrow 
slit between the dorsum, of the nose and the thickened 
edge of the turbinated bone,*5ind obtain direct access 
to the organ of smell, this chamber being generally 
filled by diffusion from the air passing through the air- 
passage. 

These characteristics also throw some light upon the 
relation between the external muscles and the act •of 
smelling. Tlie m. comjiressor nariuni, acting in unison 
with the depressor of the septum, impedes the entrance 
of ail- through the narrow opening leading to the organ 
of smell, and therefore we make use of these muscles 
when wishing to avoid unpleasant smells. On the other 
hand, an elevation of the alas of the nose, accompanied 
by a slight depression of the septum mobile, will draw 
the cm-reut of air inwards against the septtun, and thus 
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_ facilitate its entraJico iiiafer the lower edge of the tur- 
binated bone' into the chamber of the organ of smell, 
wliich will take place stiirmoro easily if the air is inhaled 
slowly, so as not to be forced at once into the air-passage 
when it has passed through the nostril. Thus, when 
we wish to jierceive any odour very distinctly — as, for 
instance, in smelling a rose — we elevate the alaJ of the 
nose and then slowly draw up the air. 

In the middle (»f the air-passage, and therefore in 
its widest part, we meet with another mussel-sluipt'd 
I)lato lying parallel with the floor of the nasal cavity. 
It is formed of a separate piece of bone (the injt’rior 
turhinaUd hoiit:), which is united with the inner wall of 
the superior maxiliary. It divides the above-meutioned 
lateral dilation of tlie air-passage into two parts, an 
upper and a lower, and is situated at about the sajue 
distance from the septum as the middle turbinated hone. 
The two divisions thus caused by these hones in the air- 
passage are known as the middU' a.nd injirinr mrnluH. 
We sliall also find mention etf a “superior meatus” 
below the “ sAiperior tuVbinated bone,” hut it can as 
little be compared with the two other meatuses as the 
superior turbinated can with the middh; and inferior hones. 
Moreover, we cannot attribute a eoinmon significance to 
the two lower meatuses, as they posses.H none whatever 
when considered apart, and must only be regarded 
as accidental appearances in the air-passage produced 
by the interposition of the inferior turbinated bone. It 
is, indeed, difficult to discover the significance of the 
inferior turbinated bone in this passage. It seems most 
probable that it is designed to warm the air which enters 
before it passes further inwards. In si^pport of this 
view, it appears that the mufcous membrane of the 
inferior turbinated bone is so vascular as to form almost 
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a sjKingy tissue, which is filled with blood ; and as, in _ 
accordance with a ■well-known law, the current of air 
must flow more slowly in the expanded portion of Ihe 
uir-ijassage, there would be sn^icient time for it to be 
warmed by the constantly renewed bjood of the vascular 
membrane. As the process just described must in any 
case be always going on, vre may venture to regard it as 
tlie oflico of the inferior turbinated bone — a view which 
we shall find confirmed by the relation of the inferior 
turbinated bone in many mammals. In the latter, for 
instance, it is often not merely a simple convoluted plate, 
but a complicated construction filling the whole of the air- 
passage. The two princijial forms which we meet with 
are (1) a plate, which near its point of attachment splits 
into two plates, each of which is convoluted upon itself, 
one in an upward, the other in a downward direction ; 
(2) a i)late, split in the same waj^ but these secon- 
dary portions splHf again, so that a cross section of 
these series of plates has a delicately branched appear- 
ance. In either case there ^an be no mention of the 
division of the air-jiassage iulo two chalinels, but the 
air streaming through the passage is thus forced to find 
its way through the numerous windings between these 
plates, and consequently must be w-armed by its long- 
continued contact w'ith the mucous membrane, which is 
so rich in blood, just as the inhaled air is warmed Hby 
passing through the threads of a respirator. 


The Side Chambers of tite Nose. 

The side chambers of the nasal cavity are a very 
characteristioipart of its construction. We may describe 
them generally as excavations in the bones enclosing 
the nasal cavity, into which they open by means of com- 
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pavativtfly narrow orifices. In each of the two nasal 
cavities there are three distinct side chamhers — the 
spfunouhtl the untihiui or maydlnn/ ainiis, and the 

ethiiioidid ^inits. 

The lipht uDitiit yintis (Fig. 27) is a spherical cavity 
which is found in the body of the sphenttid, and is 
.•separated from that of the other side bj- a thin lamella 
of bone. It opens by ji small round aperture upon the 
anterior surface of the body of the .•sphenoid into the 
po.stcrior part of tlu; nasal cavity, or, more correctly, into 
the i^pfu nii-rthnwithd rams. The manner of o)>ening 
peculiar to this sinus is of some intere.st, as affording 
a jx»ssibility of discovering the function of tlie side 
chambers ; wo shall, therefore, refer to it again. 

The autrum is a cavity which run.s through the entire 
maxillary bone. It is a large cavity, and opt.-ns by a 
small round a])eii:ure into the ui»per part of tho aii- 
passage, below the centre yf the mitUHe turbinated bone. 

The I thimddid sinnH is an extensive and very irregular 
cavity, which owes its omgin.to the hollow character 
of the lateral mass of tlib ethmoid, and to the fact that 
thhs character extends lu-yond the limits of the lateral 
mas.s, and is more or les.s continued in the contiguous 
bone.s. It is not so noticeable in the sphenoid, the palate, 
or the maxillary bone, but very striking in the inner 
wall-s of the orbital vaults, and iiarticularly so in the 
frontal part of the frontal bone ; so much so that this 
extension is commonly regarded a.s a separate cavity 
{the frontal sinus). Tho system of ethmoidal cells 
possess two entrances into the nasal cavity. By one r>f 
these — the supaior i ihmoklal fissure, generally called the 
“ superior meatus ” — the posterior ethmoidal colls open 
into the back part of the chamber of the organ of smell ; 
by the other- 7 -thc inferior ethmoidal fmure (known as the 
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“ midcllo meatus ”) — the anterior cells and the frontal 
sinuses open into the nasal eavity undef the middle 
turbinated bone, at almost tlie !?anie place as the antrutn. 
Both entrances are long and narrow. . 

We may also regard as one *of the side chambers of 
the nose, the tympanic ea^’ity of the’ organ of Bearing, 
whicli opens into the hindermost jjart of the air-passage, 
close to the posterior nares, by the Ehstachian tube. 
As, however, this cavity and the jiassage by which it is 
connected with the nasal cavity have a very decided and 
important influence upon the organ of hearing, it is not 
generally included with the side chambers, though from 
its hollow- nature it so strongly resembles them. 

We must further, to leave nothing unnoticed, re- 
member that the lachrymal canal, which conve.ys the 
tears, opens under the foremost end of the inferior 
turbinated bone, so that the tears, after having moistened 
the eye, are convey^jil into the. nasal cavit}^ where they 
evaporate in the p^vssing current of air. It is only in 
eases w-here the fluid flowg very freely, and when, infleed, 
the lachrymal canal cannot car^* it all off,* so that some 
of the tears flow over the lower eyelid, that the quantity 
of flxiid forced into the nasal cavity cannot evaporate, and 
therefore either flows down through the nostril, or by 
repeated short inspirations is drawn back into the 
pharynx. These short inspirations are either volimtary, 
or they belong to the phenomenon of “ sobbing,” which 
is caused by spasmodic contraction of the diaphragm. 

But now what signiflcance are we to attribute to 
these side chambers? That they have no connection 
with the organ of smell, is sufficiently proved by the fact 
that incases where, perhaps from injuries sustain^, the 
more easily approached side chambers — as, for instance, 
the frontal sinus or the antrum— have been e^tposed, it 
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luis been evulont tluit tbo iiiucous mcmbrano with which 
' they are linefl is not adiipted for the sensation of siuoll. 
Tlfey must, tlioreforo, he more especially connected 
with the air-passage, jaudicularly ns they all open into 
the air-passage aiKl not' into the chamber of the organ 
of smell. Their exact significance from this i»oint of 
view has not, indeed, been yet discovered, still we may 
venture to form 'some opinion from the manner in which 
they open into the nasal cavity. 

W'e find that there are only two entrances into the 
nasal cavity, one leading from the sphenoidal sinuses 
and the posterior ethmoidal cell.s, and tlie other from the 
antrum, the anterior ethmoidal cells, and the frontal 
.<iinuses. The construction of both entrance.s is such 
that the entering current of air must How past them ; 
but the retuniing current will be caught hy tliem, and 
will he able to penetrate the cavities to wliicli they lead. 

This peculiarity can be most cjearly seen in tlie 
entrance below the middle turbinated bone which leads 
to tb§ antrum, the anterior ethmoidal cells, and the 
frontal .sinuseB. It is, ntEiiely, a groove, shallow where it 
commencc.s posteriorly, but becoming deeper as it pro- 
ceed.s forwards, till at last it leads into a canal which 
ascends to the ethmoid hone and the frontal sinuses. A 
round opening in the groove leads to tlie antrum. Such 
i^ the first entrance, and there is no dilliculty in following 
the course of the second. 

The posterior extremity of the middle turbinated 
bone lies at a slight distance — about 3 mm. (J inch) 
— below and before the lower angle of the body of the 
sphenoid. The passage formed by this separation at 
once divides into two branches. One of these ascends 
in front of the anterior wall of the body oi' the sphenoid, 
and terminates abruptly at the cribriform plate ; it forms 
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a groove of some depth (th^ Hphcnn-cthmoidnl rceeng), 
upon the posterior •wall of which the sphenoidal sinus 
fjpens. The other branch, risfng obliquely upwards, dots 
deei> into the ethmoid bone, and passes into a canal 
which penetrates into the postkdor ^hmoidal cells. It 
does not, however, penetrate the lateral mass of the 
ethmoid in a direction vertical to the surface of the })iate 
of the turbinated bone, but passes obliquely upwards 
and outwards ; thus its lower edge falls sharply towards 
the septum, and its upper edge appears as a sharp border 
directed downwards. This indentation (the superior 
ethmoidal fissure) is what is commonly called the 
Huptriormeatus, axid its vi])per edge the superior tiirhbmtcd 
hone. In some cases it is double, the lateral mass of the 
ethmoid being indented by two fissures of this kind 
running parallel to each other. The upper of the two 
passages i.s then called the “uppermost meatus,” and 
its upper edge the jjiipermost, turbinated bone. 

The remarks ^nst made will sufiiciently show how 
entirely unsuitable the comparison is which is commonly 
drawn between the crevice ^lere called the superior 
ethmoidal fissure, with the divisions of the air-passage 
made by the inferior turbinated bone (whence the 
terms “ superior turbinated bone,” “superior meatns”), 
and that it can only properly be coupled with the 
inferior ethjnoidal fissure. • 

The construction of both fissures plainly showTS that 
they can only admit the expired current of air to the 
cavities to which they lead, and that the inspired air 
must flow past them. The necessary repletion of the 
side chambers with air must, therefore, be the work of the 
retreating current of air. That the air really is renewed 
in the side cliambers is shown by the’ example of the 
tympanic cavity, where the air undoubtedly chains 
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, periodically, producing an effect upon the organ of hear- 
ing with which wo are fairly well uctpiainted. We know, 
however, very little about the influence of the side cham- 
bers. and must, therefore, endeavour to form somt( opinion 
out of the foregoin*^ facts. 

The expired air, like all liquid currents, has a certain 
lateral pressure : it flows out through the narrow nos- 
trils. entering the nasal cavity, however, through the 
eompjiratively wide p<>stcrior nares ; an accumulation of 
the air in the nasal cavity necessarily ensues, accom- 
panied by inereasi-d lateral pressure, which will 'affect 
even the side ehanibers, compros.sing the air which they 
contain considerably. Expiration, therefore, tUl.s the 
side chambers with compressed warm air. Wln'ii tin? 
act of expiration is over, paid of this air, from its subse- 
quent expansion, will return to the nasal cavity. When 
inspiration commences, the expansion of the air in the 
side chambers still eontinnos, the racult «)f inspiration 
being a rarity of air in these chamlters. Thus the side 
chambers are constantly voutila+ed ly the eurreids of air 
passing through the no5t. This cannot he of much 
value to the side chamlM>r.s them.selves ; and the recogni- 
tion of this fact, if we consider the side chambers sepa- 
rateh", can throw no light upon their significance in con- 
nection with the nasal cavity. We must, therefore, see if 
wo can discover any benetii resulting from this arrange- 
ment to the nasal cavity, or still more to the breathing 
process. If, now, we liuve already been led to form tlie 
opinion that the inferior turbinated bone exercises a 
warming influ(;nce upon the inhaled air, and when we 
find that the ventilation just described not only supplies 
the nasal cavity before inspiration with, a supply of 
warmed air, hut that also during inspiration a stream of 
warmed air Hows out of the side chambers and is mixed 
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with the inspii-ed air, we shall seem to he justified in 
holding that the side chambers, like the inferior turbi- 
nated bone, may be regarded as a warming apparatus 
for the inspii-ed air. 

They have, moreover, a further significance in 
connection with the formation of articulate sounds, 
when they take jiart in the resonance of the nasal 
cavity. 

In conclusion, we must draw attention to the relation 
of the superior ethmoidal fissure to the chamber of the 
organ of smell. The upward course of this fissure in 
front of the body of the sphenoid, and the way in which 
it cuts thi'ough the turbinated plate of the ethmoid 
covered by the olfactory mucous membrane, would seem 
to stand in contradiction to the description we have 
already given of the chamber of the organ of smell, as 
being entirely isolated from the direct current of air 
through the nose. v,If, however, we look at the relation 
more closely, we shall find in the arrangement of this 
fissure another cause fey* the isolation just mentioned. 
The fissure, namely, takes up tliat smaller'portion of the 
exhaled air which forces its way over the posterior root 
of the middle turbinated bone in the direction of the 
chamber of the organ of smell. This side stream can, 
however, never reach the chamber of the organ of smell, 
for it is conducted by the fissure into the sphenoidal 
sinus and the posterior ethmoidal cells, and that portion 
of it which cannot force its way into these cavities is 
thrown bact by the wall in which the fissure terminates 
into the great current of air below. In complete accord- 
ance with this, we find that odorous substances entering 
through the ppsterior nares are not so easily perceived 
as those which come in through the nostrils with the 
inspired air. . , 



114 TH15 ORGANS .OF SPEECH. 

The results obtainotl in this section umv bo briefly 
stated as follows : — 

\l) Of the two walls which enclose each nasal cavfty, 
that which constitutes the septum is unimportant in its 
construction, as, with the exception of the fold which 
serves to narrow tlie entrance to the chamber of the 
organ of smell, its surface is plane. 

(*2) The lateral wall, on the contrary. compo.sed of 
the superior maxillaiy and the ethmoid bones, possesses 
every characteristic form which gives to the nasal cavity 
its varied signiticance. We find, namely, («) ih the 
upper part an even surface situated close to the septum, 
which forms the outer wall of the chamber of the organ 
of smell, and to which, from the nostril, there is only 
access by a shallow groove running parallel to the dor- 
sum of the nose; in the lower, larger part, wo find' (6) 
the air-passage, which is partly roofed by the middle 
turbinated bone, and which commences anteriorly with 
a height almost corresponding to that of the whole cx- 
tenial.- nose, and termmat«s with about half the height 
at the po.sterior nares. *■ 

iH) The air-passage, in a transverse section, is nar- 
rower anteriorly and posteriorly, and wider in the middle; 
the wider portion is divided by the inferior turbinated 
bone into an upper and a lower half. 

• (4) The side chambers of the nose open into the air- 
passage by two narrow fissures, into which fissures only 
the expired air can enter, the inspired air flowing past 
them. 

(5) The probable significance of the inferior turbi- 
nated bone and the side chambers is that they act as a 
warming apparatus for the inspired air. , 

(6) There is no doubt that the side chambers exorcise 
some influence upon the resonance of the nasal cavity. 
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Inclividml Variations in the Nasal Cavity. * 

As in all parts of the body, so also in the nasal cavity, 
we find many individual variations, wliicli, it is true, have 
no significance when considered in connection with the 
function of the nasal cavity in breathing and smelling, 
but become of importance for the part which they play in 
speech, as they must considerably influence its resonance. 

Some of the peculiarities which w’c hi;ve now to con- 
sider are due to diflerenee in age, while others are vari- 
ations in the nasal cavities of adults. 

If we compare the face of a young child with that of 
an adult, we find a very considerable difference in the 
relation of the several parts to each other. In the 
child’s face, for in.stance, the middle of its elevation 
falls between the eyelids ; the elevation from the root 
of the no.«e to the cliin is therefore equal to the ele- 
vation of the forei*ead, and ibe lower half of the face 
consists of two, roughly speaking, equal parts, the first 
being the elevation of thf nose and the second the*eleva- 
tion of the region of the mouth. In thfe face of the 
ailult, on the contrary, we find that the horizontal line 
formed by the space between the eyelids divides off the 
elevation of the forehead as a third of the face, and that 
the second third consists of the elevation of the nose, 
and the third of the elevation of the region of the mouAh 
as far ns the chin. 

This difference of relation arises from the changes 
which the bones of the face undergo during their develop- 
ment into the perfect form. With regard to the region 
of the mouth, it is clear that the development .of the 
alveolar proceases of the jaws and the appearance of the 
teeth must cause a considerable elevation, till at last it 
reaches the same height as the region of th^ forehead. 
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The regioii of the nose, on the contrary, acijuiros its 
increase of elevation entirely from the enlargement and 
development of the nasal cavity. 

We find in the side wall of the nasal cavity of the 

t *' 

infant all those peculiarities of construction which cha- 
racterize it in the adult ; but they are remarkably com- 
pressed from above downwards. The turbinated bones 
stand out distinctly, but the spaces between them are 
mere narrow crevices, although the anterior trumpet- 
shajjed opening in the inferior turbinated bone already 
distinctly betrays its characteristic shape. The whole 
cavity appears as a very low, and in comparison to its 
height, as a very long canal. But, again, the side waU 
approaches so closely to the septum that, in a transverse 
section, it also looks very narrow. There is as yet no 
trace of the side chambers. These facts are cpiite sulBfi- 
cient to explam why a cold in the head with small chil- 
dren is accomi)anied bj' such dilfrailty in breathing. 
The narrow space must bo nearly entirely closi-d by* the 
inflammation of the mucous membrane which accom- 
panies this complaint, and what docs remain open will 
be filled by the discharge of mucous fluid, whicdi, from 
want of a strong current of air, cannot he carried away 
in the usual manner. Gradually, and with the mlvanc- 
ing gi-owth only, do these relations change ; the nasal 
ca\-ity begins to develop in lieight and breadth, and the 
side chambers appear. 

The antrums of the superior maxillary bone, which 
are not present in the infant, begin during this gradual 
development to increase considerably in height; the 
floor of the nasal cavity is thus further removed from the 
roof, so that the space within gains much, in height, and 
the side walls are able gradually to develop those forms 
with which we are familiar in the adult. The develop- 
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raent of the teeth also exparfds the superior maxillary 
bone from before backwards, so that by thisbieans, again,'* 
the nasal cavity gains in deptii ; this advantage is dlso 
increased anteriorly by the rapid development of the 
external nose, Avhicb, tbrou^i the enlargement and 
elevation of the nasal bone, acquire’s that commanding 
form ^yhich distinguishes it from the short, round nose 
of the child. 

Simultaneously with these changes there is a de- 
velopment of the sphenoidal sinuses, which are not 
present in the infant, of the ethmoidal cells, of which 
also there is little trace in the infant, and of the frontal 
sinuses \s*ith which they are connected. 

This process of development can only be considered 
complete at about the twentieth year*. 

That the develoijment just described is not carried 
out in all persons to the same extent, is evident from the 
fact that the exttyrnal nose, assumes every variety of 
form, from the srpall round nose to the noble aquiline. 
The striking resemblance of the short pug-nose tojthat of 
a child shows at once that in sflch cases the development 
of the nasal cavity has been less perfect than in that of 
the larger external nose. 

It is remarkable that the general characteristic of 
this variation in development — that is, greater or less 
development — is not so much an accident of individu- 
ality as a characteristic of a typical form of head. 
In the classification of skuUs, namely, two principal 
forms are distinguished — the bmchpcejphalous, or short- 
headed, and the dolielioeepJtalmia, or long-headed ; the 
former being characterized by a spherical horizontal 
periphery of, the skulls, while in the second this peri- 
phery is an oval, the long diameter 'of which passes 
from before backwards. This difference is not, how- 
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(Dver, produced by individiitil development, but, tis wo 
learn from aecuruto comparative meaBurement, is most 
distmetly perceptible in Ihe infant; it is, therefore, 
unmistakably a eharncteriatic of race. We may, there- 
fore. consider it to be a general law that in brachy- 
cephalous skulls the development of the nasal cavity and 
its side chambers is not so complete as in the dolicho- 
ceiihaknis. and that, therefore, an ef|ual characteristic 
ditfereuce may be observed in the form of the face. 

The doliehoeephalouB head, besides the long cranium, 
has a long face, in which the lower part of the forehead, 
from the great development of the orbits, projects con- 
siderably and overhangs the eyes, which appear, therefore, 
more deeply set, while between the eye.s rises a long high 
nose, which is generally arched ; in the region of the chin 
the profile again retreats. 

In the hrachycephalous head, on the contrary, from 
the development of the frontal siiui.seed)eing defective or 
entirely wanting, the forehead is upright ; the no.se is 
short and low, with a straiglit or., oven depressed dorsum ; 
the eyes are nfore advanced, and tlie chin does not fall 
away so much from the nose. 

An apparently retreating for«.'l»ead is. therefore, 
characteristic of the dolichoceplialous skull, hut hears no 
resemblance to the retreaiting foiehead peculitir to idiots, 
wliich arises from an absence of brain in tlio upper 
region of the forehead, while the retreat in the dolicho- 
cephalous skull is caused by the presence of the frontal 
sinuses in the lower part of the forehead, and is, there- 
fore, rather a projection of the lower part of the fore- 
head. 
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The Cavity of the Mouth.* ' 

The mouth, as we have already observed, in a natilral 
classification of the organs of the body, would not be 
considered to belong to the air-passagbs, but rather to the 
alimentary canal of tlie organs of digestion. It contains 
the necessai'y mechanical apparatus for the mastication 
of the food ; the salivary glands open into it, and during 
the process of mastication moisten the food with their 
secref ions, thus preparing it for solution ; and here, also, 
we firid the apparatus w’hich carries down the mass thus 
formed through the pharynx into the oesophagus. At 
the same time, from being immediately connected with 
the pharynx, it is adapted to act occasionally as an 
air-passage both in inspiration and expiration. This 
use is made of it in cases of distress for breath — when 
a person is out of breath, for instance, or suffering 
from asthma, w’hifth occasions a constant difficulty in 
breathing ; and ahso in those cases where, from general 
weakness, the stronger respiratory action which i3.neces- 
sary to inhale the air throllgh the nose cannot be 
performed. Consumptive people generally have the 
mouth slightly open, so as to breathe with less exertion. 

The complicated mechanism which is connected with 
the natural function of the cavity of the mouth, gives it 
the power of assuming a great number of different forms, 
which partly affect the orifice, jiartly its internal cavity. 
The air, moreover, passing through the cavity of the 
mouth, derives a characteristic noise from each form 
assumed by the latter ; and again, if the current of air 
is vibrating with a musical sound, the momentary con- 
formation of .the cavity of the mouth will give to the 
air thus passing through it a different resonance. These 
relations explain the use of the cavity of ^ the mouth in 
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speaking, for noises anl resonances just alluded to re- 
'present the ereraents of articulate speech. A.s, however, 
the cavity of the mouth Is not adapted by any special 
apparatus for the< i>iirt it plays in speech, but is only 
provided with that' which tits it for its natural position 
its part of the alimentary canal, and is merely occasion- 
ally otherwise employed, it will ho well first to study 
the cavity of the mouth from this point of view. 

The mouth is a moderately wide cavity, hounded 
laterally by the cheeks, having a roof formed by the hard 
palate of the upper jaw, jind a lloor by a i)late of niucous 
iuembrane, which, commoncing with the lower lip, ex- 
tends to the upper msirgin of the hyoid hone. This plate 
finds attachment and support from resting upoji the upper 
border of the lower jaw, with which, moreover, it is strongly 
connected. Thus there are bony foundations to both the 
roof and the lloor of the cavity, giving to part of it at 
least relations incapable of modificat.ion. The anterior 
orifice of the mouth i.s formed by the* space between the 
lips, while posteriorly it is inunediately connected, by 
means of a narrow opeifing (the isthmits of the /ances), 
with the pharynx. Imbedded in the mucous memln-ane 
which covers the alveolar processes of the u])per and 
lower jaws, we find the upper and lower rows of teeth 
projecting into the cavity of the mouth. The mneons 
membi-aue which surrounds the teeth, an<I is closely 
attached to the alveolar processes, is generally known 
as “ the gums.” The cavity of the mouth is imperfectly 
divided by the teeth into two chambers ; into that, namely, 
which is enclosed by the teeth (the cavity of the moutli, 
strictly speaking, or the oml carity), and that which lies 
between the teeth and the cheeks (the .cavity of tin? 
cheeks, caio/wi huciumtm). This peculiarity will be 
alluded to again as we proceed. 
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The Teeth. . ^ 

Each jaw is provided with ^sixteen teeth, arranged^in 
a wide arch, so that four incisors are situated in the 
crown of the arch, followed on either side by one canine ; 
upon the sides of the arcli, which itre prolonged back- 
wards to some distance, w’e find in succession behind the 
canine two bicuspids and four molars. •The two arches, 
following the well-known form of the crowms of the teeth, 
are thin in front, gradually thickening towards the 
molars, with which the broad ends of the arch terminate 
symmetrically. 

There is a striking difference between the two rows 
of teeth, the crown of the arch of the lower teeth 
being flatter than that of the upper. The result of this 
peculiarity is that, when the teeth are closed, the incisors 
of the uj'pcr jaw project beyond those of the lower. 
It, therefore, generally happens that the upper incisors 
overlap the lower, and that when the two rows of incisors 
are made to meet,* a gap is left between the molars of 
the two jaws ; and further, thai the incisors of the upper 
jaw thus ju-olong the roof of the cavity of the mouth (the 
oral cavity) anteriorly. This latter peculiarity is carried 
out still further by' the upper incisors, and especially the 
two middle ones, being much broader and longer than 
the corresponding teetlx of the lower jaw. 

The Mechanical Movements of the Cavity of the Month. 

To obtain a proper acquaintance with the changes 
in form of which the cavity of the mouth is capable, it 
will first be necessary to consider the various mechanical 
movements which, from this point of view, exercise an 
influence upoix the mouth. 

Now', that which naturally strikes us first is the 
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moToment of the lower jaw. In the process of digestion 
•It plays the important part of chewing, or mechanically 
dinding the food ; in spet’uh it is also of importance, its 
action being first to remove the floor of the cavity of tlie 
mouth from the roof, and then to bring them together 
again, or. in other words, to regulate the size of the 
oriru't’ of tin' eat ihf of the mouth. 

A second mechanical movement is that of the lips, 
which regulates the form of the orifice of the mouth. It 
assists in the digestive process liy receiving the food into 
the mouth; in speech it gives a different form to the 
orifice of tlie mouth, thus exercising an important in- 
fluence upon the production of articulate sounds. 

A third mechanical movement is that of the soft 

palate. The soft palate comes into play in that part of 

the process of digestion which consists in the act of 

swallowing ; in speech it regulates the degree to which 

the nasal cavity is shut off from the Cjiivity of the mouth, 

and, therefore, the .strength of the ciurrcnt w'hich i.s 

diverted into the eavitv ofihe mouth. With the action 
« «. _• 

of the soft pjilate is coimected the mechani.sm of the 
constrictor of the pharyn.x. 

The fourth mechanical movement is that of that 
complex bundle of mu.scles lying uikui the floor of the 
cavity of the mouth, which is called the ton{/in‘. In the 
prpeess of digestion it is called into play in the reception 
of the food, in mastication and in the act of swallowing ; 
in speech it has the power of altering the shape of the 
inner cavity of the mouth in such a variety of ways that 
it has the greatest influence upon the creation of certain 
articulate sounds. 
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THE MOVEMENT OV THE JAWS.* - 

Of tlie two jaws the upper Ife rigid, being immoveaWy 
connected with tJie rest of the skull the lower jaw, on 
the contrary, articulates by a ’movedble joint with the 
skull. "When, therefore, we speak of moving the jaws, 
the lower jaw alone must be understood, the movement 
of which causes it to assume diflferent positions in relation 
to the skull, and especially to that pai't which articulates 
immoveably with it, namely, the upper jaiv. 

Tile movements of the lower jaw are, in common 
with the movements of all portions of the bony frame- 
W'ork of the body, produced by muscular action. The 
kind of movement resulting from this muscular action 
is, however, due to the character of the joint in which it 
arises ; and it is precisely in this respect that the lower 
jaw displays peculiarities which distinguish it gi'eatly 
from other joints, <ind to a g^eat extent decide the share 
w'hich the movements of the lower jaw are to take in 
speech. ^ • 

It is to the hinder portionT the ramu9, of the lower 
jaw that these movements are due. The body, or hori- 
zontal portion bearing the teeth, bends upwards at its 
posterior extremity in an angle which is little short of 
being a right angle. It is this ascending posterior 
portion which is called the ramus. The upper border.of 
the ramus presents two processes, separated from each 
other by a deep concavity (the sigmoid notch). The 
anterior process (the coronouJ jtrocess) is pointed, and 
serves for muscular attachment; the posterior process 
(the condyloid j>roces8) is, on the contrary, broad and 
round at its m)per end, and serves for articulatiou with 
the temporal bone of the skull. 

The round end {condyle) just mentioned may be 
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compared to a cylinder placed transversely upon tho 
'J)rocess, and lies, when quiescent, in a hollow (t/lenmd 
earV/v) of the temporal bone immediately in front of tlie 
outer ear. When the lower jaw is depressed, a rotatory 
movement of the t\vo (right and left) condyles upon an 
horizontal axis immediately takes place in tho corre- 
sponding hollow articulating surfaces of tho temporal 
bones ; it is, however, only in the ruminants that this 
movement is sulVicicntly great to constitute the whole of 
the movement by which the mouth is oi>enod ; in the 
human lower jaw we thid a distinct mechanism \vliich 
provides for its perfect removal from the upper jaw. In 
front of the cni'ity of the temporal bone, namely, 

may be observed a transverse rouniled eminence (the 
emineuthi tirticnlirh) upon which the condyle of the 
lower jaw is carried forward w’hen the mouth is opened ; 
when this happens two ri>unded bodies come into con- 
tact, thus allowing the moveinont to be continued still 
further. As a necessary precaution in this movement, 
a biconcave fibi'ous plate •(the iuh r-artit'idur jihro-enr- 
tiUige) is placed betweeiftho two articulating surfaces, 
and being more clowly attached to the condyle of the 
lower jaw, is carried forward w'ith this bone, returning 
with it to a state of rest in the glaioid rarih/. This 
forward movement of tlie condyh' is very perceptible in 
thin persons, a hollow appearing in front of tho ear 
which is caused by the external air depressing the skin 
into tho empty cavity of the joint ; when the mouth is 
shut, tlje condyle returns to the glenoid cavity which it 
ftlls, and the hollow disappears. 

The question now follow.9 as to the foi*ces by wliicli 
the lower jaw is set in motion — a question which, though 
at first sight a simple one, offers many difficulties in its 
solution. With regard to the forces which bring the 
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^ower jaw into contact with the upper, thereby closing 
the mouth, the answer is easy, for w^ find severaf 
powerful muscles exercising this function. When, hbw- 
ever, we turn to consider those forcus which depress the 
lower jaw, and tlierefore open ’the nfouth, we are placed 
in the not inconsiderable predicament of being unable to 
discover a single muscle which we can with equal justice 
designate a depressor of the lower jaw* in opposition to 
the fonner, which may be considered as the elevators of 
the lower jaw. We can, indeed, refer to muscles as 
taking some parts in the depression of the lower jaw, but 
at the same time must confess that they perform other 
functions which are more important. It would seem, 
therefore, that the removal of the lower jaw from the 
upper must be effected by some other force than that of 
direct muscular action, and this force we shall find to 
lie in the weight of the lower jaw*. Eemarkable as this 
fact ma}^ at first sight appear, it is soon explained when 
we consider what ^orce it is which brings the lower jaw 
to a state of ref.t againslj the .upper jaw. If we cpmpare 
the laws to which the natural ■positions of» different parts 
of the body, particularly in the living subject, are due, 
we find that, besides different statical momenta, there 
are muscles which act by their “ contractility." By this 
term is meant a chronic state of contraction which is 
natural to every muscle when at rest, and corresponds 
to the degree of expansion of which the muscle in ques- 
tion is capable. We can, therefore, have no hesitation in 
r(;ferring the raised position of the lower jaw to the 
contractility of its constrictor muscles. At the same 
time it should be remembered that this contractility, in 
order to maintain the raised position of the lower jaw, 
must overcome the weight of the latter, so that this 
position depends upon the equilibrium existing between 
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the contractility of the debating muscles an<l the weight 
'of the lower jaw. If this equilibrium is destroyed by the 
action of the muscles being too strong, the raised position 
will still be maintained, and the teeth merely pressed 
more tightly against eatdi other. If, however, the 
muscular action is too weak, and eipiilibrium conse- 
tpieutly destroyed by the weight, the lower jaw drops. 
Thus a depressed lower jaw, and tlierefon? open inoutli, 
may be regarded as a sure sign of general weakne.ss, or 
of temporal pjiralysis eaused by fright, astonishment, 
etc. It is upon this fact that the common c-xpressiou 
‘'gaping witli astonishment” is foundetl. It appears, 
therefoi'f. tliat tlio weight of the lower jaw is quite 
.sutlieient to account for the opening of the month, and 
it only remains to be proved whether we have it in onr 
power to call this weight into action. We can, of cour.se, 
only do so by putting an end to the state of muscular 
contraction. There is, indeed, no doul»t that we are 
able by an efTort of the will to relax those muscles which 
are in a sttito of active contraction, but how tliis process 
is accomplished it is diMcult to say. It is not im- 
l)robahle that the cause of this contraction arises from 
some unconscious p.sychical action upon the motor 
nen-es, and therefore the state of the mind finds expres- 
sion in the Ijearing of the whole person which is due to 
general muscular contractility ; the character of this 
bearing, especially in tlie face, gives, therefore, some idea 
of the mental life of a person. This being so, it seems 
as natural tliat we should be able to exercise an in- 
fluence upon this contractility as that we should be able 
to arrest any voluntary muscular contraction. We 
cannot continue this discussion here, but ijnist bo satis- 
fied with knowing that we have it in onr power, when 
we wish to open the mouth, to destroy the equilibrium 
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Between the weight of the lowfir jaw and the contractility 
of the elevating muscles, and so to drop the lower jaw.. 

The freely suspended low* jaw of a dead body is 
held in position by two lateral bauds, the external 
lateral ligaments. The point *of attachment of each 
band lies a little below the corresponding condyle, upon 
tljc outer surface of the condyloid process. The centre 
of gravity of the lower jaw falls below this point of 
attachment, which causes the whole body of the bone to 
fall backwards, while the condyle, w'hich lies above 
the pbint of attachment, is carried forward as far as 
the eminentui articidaris. This forward movement 
of the condyle upon the eminentia articularis, therefore, 
necessarily takes place when the lower jaw’ is moved 
from the upper in the manner just described. If now, 
for a moment, we imagine the point of attachment to 
be fixed, it is clear that, if the condyle wei'e drawn 
forward, the same 4#ioveraent, would be imparted to the 
lower jaw as that .which it experiences when allowed to 
fall. The condyle, in (act, •is drawn forward in this 
manner by a short powerful nfliscle (the txtemal ptery^ 
goid), wliich arises upon the pterygoid process of the 
sphenoid, or, more accurately, upon the outer surface of 
the external plate of the latter, and is attached to the 
anterior surface of the condyle. There is no question 
that this muscle must have an influence upon the de- 
pression of the lower javr ; indeed, its action is distinctly 
perceptible when the mouth is very widely opened, as, 
for instance, in yawning, the unpleasant sensation then 
experienced in front of the ear, especially when a yawn is 
suppressed, merely arising fl:om a spasmodic contraction 
of this muscle. 

Although there is no doubt that the external pt^gcid 
muscle is of use in the opening of the mouth, yet it is 
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chiefly important from atiotber point of view. When, 
' namely, this muscle acts in harmony with the elevating 
(oi* closing) nmsclos, its forward action alone comes into 
play, and it then causes the molar teeth to grind upon 
each other. If the muscle of only one side is in action, 
the moveuu nt is obliiiiie ; but if both muscles act simnl- 
tanoously, the lower jaw is propelled directly forwards, 
and can, indeed, he carried so far that the iiieisor teeth 
of the lower jaw can he placed at some little distance in 
front of those of the upper jaw. Although the. im- 
portance of these movements is chit-fly connected with 
the process of mastication, the position thus given to 
the lower jaw is scarcely less influential in the formation 
of individual or national peculiarities of pronunciation. 

Note, — W ith to tho whi»'h takr in 

of the* lowiT jiiVY, We mu.st further remark that t!iero i;*? a ^rroup of Kmiifl 
inu.sck-s uj**>n the ttntcn«*r nf the ni*<rk, 1 m* »lesrrihi<l |>rtrw*ntly* 

the action of which is cv»niu‘cte<l with tiic movenu iitii of the hyoid Umt? 
audlarjiix; they arc, knvever, nl><» rulled int<>^tday whett the mouth 18 
v€*ry widely oj>encd. The iK)w*erful (.•ontmetion imu fVU tlnring a yawn 
U|xjn the artt^ rior ^urfaec of th»- ii» ck. 

When tlu' lower jaw ha^ Imm-h ffeprejs^i •! in tlio iimnm r dohrrihtMl, and 
is to be replaced in it8 former jHwition, iho.^ie iini>;eh-8 eoine into action 
which hav.* air* ady \x:vu mentioned, and whieh are fr<'iieruny called tlu- 
bwaiise they eftVet the divi^ir-n of the f Hul. The txh nui/ 
pUrtj4j<tidt monovt r, i;> rally inclu<h*d the maHseter^, and 

rightly s4>, because of the jj^riiidintr action h* whi:’h it ;:iv« .s ri^e. 

Th<? which art an eh»vators of the hnver jaw muy Ik+ regarded 

as a sinprie mu^*u]ar liULSjj, which finds its attachm' nt upon ttHM^xtcrnal 
and interna! surfaces of the rumu.i of the lowt-r j,iw. If we rotkitnue the 
line of tiie uijt» rior innri;in of the corowoiVf yrrt>eeje» downwards u]H>n tho 
inleniul an'i external .‘jurfaces <»f the mmns, we s.hull obtain u|)on ciach 
surface a triani:rl6, the a|>tf*x of which li* s in tfie of the cor*)noid 

proctjss and tikf! ^dven by the angle, in whieh the lower U>rder of 
the Uxly of the lower jaw upwarflii to form the |K'sterior la»rder of 

the ramu:*. two *<urfrtces arc wctifiiixl by ttu* tittachments of the 

muiicles in question, only a small space being left ii|xm the inner surhice 
for the oj>*‘ning through which the inferior dental tiorvc and its accom- 
panying artery This mnseiilar mass aristas u|»on the outer shle of 

the akuH, i«iri;ly outside and partly wdtliin the ettrnnoid prnr*m of the 
lower jaw'. Toe U tnpond may lie regarde<i as, the centre of the 

group, which arises u|»on the entire surface of the temple, omJ is attached 
to tin; cxttjmul and internal #iurfac«js of tin? rnmnoid l.qK>n th© 

aeygoinatio arch, which forma the extenial htmudary of the kinple, ari4t!!ll 
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4ie another of this |;|otip of niaaticafory musclca ; jt la 

attnchod tfi that part of tho trianglo tipoo the t,xtenial aurface of the 
ramua which in not ooeupioii by the iempornl wu$d4t, I'he more isolatpa 
inner part of the group, the intetnal pt^ygoid^ ariaea In the foasa l>et ireen 
the two phitea of the pterygoid proceM oi^ the sphenoid bone, and is at- 
Uuthod in tho lower division of the triangle to pie inner surface of the 
ramus, lielow tlio opening for the dental ciervo nvmtioned alxive. 

At the vamo time that these muscles raise; tho lower jaw, they also 
proiluce a liackward movement of the condyle of the lower jaw, so that 
it falls back again into tho gh'fwid eavitt,\ A change is, moreover, also 
produced in tlie mutual position of the incisor teeth of the upper and 
lower jaws, the hitter Ixing again placed behind ^ihe former, ivldch is 
very striking, if, as descriljcd al>ove, the lower jaw, from a position of 
slight oontaci^ is not actually depress^, but only oiriied forward. 


THE LIPS. 

The lips axe two transverse fleshy folds which mark 
the external orifice of the cavity of the month. They 
surround the narrow transverse entrance to the mouth. 
The latter is, however, generally speaking, merely an 
opening made from without into the cavity of the mouth, 
and consequently pierces through both the outer in- 
tegument of the face and the mucous membrane of the 
cavity of tho mou^li. The opter surface of the lips is, 
therefore, formed by tl?e integument of .the face ; the 
inner, on the contrary, by the mucous membrane of the 
cavity of the mouth. The construction of the two in- 
teguments is very similar, the only difference being the 
extreme thinness and deh'cacy of the mucous membrane. 
The transition from one integument to the other at 
margin of the orifice is, therefore, almost imperceptible. 
The point of transition, however, which hs marked by 
the red margin of the lips, has somewhat the character 
of thickened mucous membrane, but beyond this line 
it rapidly assumes the character of the integument of 
'.the face. . ‘ . 

We are alF familiar the fact that lips, whm 

quiescent, are elosed agmnst ettoh that they 
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have also the power of performing a great number of 
Valuntary moTcmeuts, by means of which the orifice of 
the' mouth can be made to assume almost any shape. 
This purpose is answered by a number of muscles, 
which are either situated in the lips, or approach them 
from different sides*; all, however, are so stroxjgly at- 
hiehed to tlie integument of the lips, that their action 
has an immediate effect upon them. The fibres within 
each lip are, however, so numerous, that it is scarcely 
possible to distinguish the separate fasciculi and to 
arrange them as distinct muscles. This has given rise 
to much di-scussiou upon the question a.s to how many 
and what muscles arc to be considered as typical 
muscles of the mouth. 

It would occupy too much time if we were here to 
enter into a minute discussion upon the best analysis 
of the system of the muscles of the lips. We must, 
therefore, be satisfied with a rapid glance at the 
arrangement which is generally accepted at the present 
time. 

Following,, thereforo,« this Urraugement, we must 
distingui.sh two layers of muscle.s, an upper and a lower. 

The lower layer i.s not confined to the mouth, hut is 
merely part of a broad, thin muscular layer, the larger 
part of w-hieh constitutes the huccinaU>r vimeU. The 
en,tire cavity of the mouth, anti the adjoining portion of 
the pharjiTix, is surrounded by a broad layer of muscles, 
the fibres of which run horizontally (cf. Fig. 38). This 
layer attains its greate.st width upon the cheeks, and it 
is here that it bears the name of buccinator (also called 
the trumpeter-muscle, since by its contraction the air 
collected in the cheeks is driven out in the act of blowing 
a trumpet). It is of an annular form, paksing wdthout 
interruption from one side of the lips to the other> thus 
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forming the foundation of tUe system of the muscles of 
the lips. The orifice of the mouth, considered ia^(»<A- 
nection with this layer of ^nuscles, is merely a long 
narrow opening situated between its fasciculi ; and yet 
these fasciculi cannot be regarded as passing simply 
upon either side of the opening, for we find that the 
bundb's of fibres interlace each other at the comers of 
the mouth, and that some, which, if they proceeded 
directly forwards, would run along the upper margin of 
the lower lip, alter their course to the lower margin of 
the >ipper lip, and in the same manner others, which 
W’ould run along the lower margin of the upper lip, cross 
over to the upper margin of the lower lip. The two sets 
of fasciculi, by intersecting each other in this manner, 
give a more definite form to the lateral ends of the 
orifice of the mouth. 

Above this first layer of muscles lies another, in 
which it is usual distinguish two antagonistic systems, 
one of whicli closes the orifice of the mouth and the 
other opens it. The system of expanding muscles ra- 
diates from all sides towards the orifice of*the mouth, and ^ 
can draw back its margins in every direction. In opposi- 
tion to this system we have that which closes the mouth, 
an annular layer of muscle surrounding the orifice Of 
the mouth, which is known as the orbiada^ oris; 
the layer is, however, by no, means a simple one, but is 
unquestionably composed of different elements. For 
the present, however, we will still regard this circular 
layer as a simple annular muscle, and proceed to investi- v 
gate the radiating system of the expanding muscles of ^ 
the orifice of the mouth ; the modifications which mu^ 
be made in our conception of the closing musifio^i^^ 

■ then be- solf-ovident. ’ ■■■■ 

The muscles wrbich act as expanders of the 
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of the laonth are arraugeil ut>on a veiry simple plan, and 
art, nartly attached to the lips themselves and partly to 
the angles of the month. Each lip has its abductor — 
the levator Ixhii suprrioris and the depressor labii inferioru ; 
and at the angle of 'the mouth wo find an elevator and 
a depressor — the levator and the depressor anpdi oris. 
As all these muscles are in pairs, we have already eight 
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The of the Tlie dlagraiii. Ftg.#33, ahovirfi hovr, bjrlhe |»rUAl infer* 

lactiig of their fshr>«. th**/ a constrict* - mo*^cle for ci(W4hjg the Dwiutli. /., of 

• lbs angifi' of the au^^uti nr*.*); D, of lh«s angle of tbe mouth 

/am'.#); /. xyprmatiri*.r ; /. lowr'r of ihf ina^KH (ittciinH 

r»V>rfj}). partly bb ii-ting vi»h vrOicufnris oriA, anfl pvtril/ ♦|e«<r^ rHlif»g w* the inum'i*^ 
raJemg ihe rhtn iUr-if.or>f:s to ihr iiif* rhiri; T, incisivi tuperutrtM, 

part Jr Moirffisis: vath th*‘ orf.^ieulftrijs «rw. partly pinning t«) the naatl wpittm A* tbe 
3epr*««i«or »• i>uim (lieyrtjjsir nanumy ti, lo ih*- figure we tm 

%y: Uvat^r un th*- i»‘f? a1iI“ pmully corm-d hr the Umi^rr laifii supeHtfri$: 

between ihir nfojMU orit of the right a?wi left aide>>t he fvvw qtMulriUileral muMtlea 

wbi*.h i).Jrti»**v irirfrv'«t*>'.i4 h olh/r the dr^prrjf^ taltii tii/Vriaru. Running vertically 
Qpon•^eith^^^ ehle ; the ru.^tk4iury muAcic (muireh^r). and bebiiMl bi«rfxauuUy. (be 

&u£C»aa<t>r. 


muscles which act upon the orifice of the mouth in the 
manner described. Acting in concert with these, more- 
over, we find a muscle (tbe rypomatieus) which descends 
obliquel}' to the angle of the mouth, and in many cases 
another (the rlsorins) which ascends obliguely to the 
angle of tlie mouth, so that we have altogether ten or 
twelve muscles, the action of which is to distend the 
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'orifice of the mouth. We* must now consider these 
muscles singly, both as regards their action and 
relation to the annular layer *©£ muscle. 

TSwo muscles are general^ distinguished upon each 
side as elevators of the upper lip, though the distinction 
rests upon a very slight foundation. A very broad plate 
of muscle arises from the inner half of^ the lower margin 
of the orbit, the line of origin extending as far as the 
lateral surface of the nasal bone, close to the inner an^e 
of the eye. This muscular plate diminishes in size as it 
descends, and is inserted in the upper lip. The inner 
fibres do not, however, reach as far as the upper lip, but 
terminate in the fold of integument between the ala of 
the nose and the cheek. An interruption which occurs 
in the line of origin near the iimer angle of the eye, 
caused by the passage of a small nerve to the lower eyer 
lid, has been considered as a sufficient reason for dividing 
this muscle into4wo parts.. Those fasciculi which arise 
upon the inner side of this gap are called the levator lahii 
superioris alaeque nasi, ibecatise they contain those fibres 
which terminate near, and consequently ‘raise, the ala or 
the nose ; the rest of the muscle, however, which aris^ 
from the outer side of the above-mentioned gap, is called 
the levator lubii superioris proprim. It is evident that ; 
this division is entirely artificial, and thq(t» the two 
muscles should more properly be regarded as one»(tbo; 
levator labii superioris), although a few of its fhscicidt: 
cannot directly elevate the upper lip, but do so avify 
through the ala of tiie nose. . If any artificial division is 
to be made, it would be better to call the latter fasmcuU 
the levator alae nasi. 

Gorrespending to this muscle. We have a depressmr of 
the lower lip, 

menti). This arisi«i Jipoh tiie lower jaw in the hqlh^S 
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wbich lies near the triaugulRr eminence, called the menttd 
^tecess ; it strikes upwards and inwards, and is lost in 
the under lip, after having intersected the <?orre8ponding 
muscle of the other *ide. Its action is to tiraw doum one 
side of the lower lip. but also, from its fibres extending 
beyond the middle line, to draw down the other side 
obliipiely; both muscles (of the right and left sides) 
therefore draw the lip downwards in such a manner as 
to form a groove beneath it. 

The Icviitor amfuli oris, which I’aises the angle of the 
mouth, arises upon the surface of the superior maxillary 
bone below the margin of the orbit, and descends 
obliquely, diminishing at the same time in size, to the 
angle of the mouth. 

In antagonism to this muscle we find the depressor 
atuiuli oris {trianffuUiris menti), which dt'presses tlio angle 
of the mouth ; it arises in a long line uj>on the anterior 
portion of the lower margin of the lov-er jaw, diminish* 
ing in size as it approaches the angle of the month. 

Frott‘ the angle of the* moyth also the zipfomatic 
^ muscle pas-ses ilpvvards auli outwards to the zygomatic 
arch. 

By the rUorim {Santorini) muscle wc understand an 
irregular and uncertain fasciculus which i)a.sses towards 
the aiigkipf the mouth from behind and below, arising 
upon the margin of the lower jaw, but which is generally 
nothing more than a few fasciculi of the great muscle of 
the neck, the platysma tnyoidai. 

The last-named muscles stand in a peetiliar relation 
to the annular muscular layer (constrictor) of the orifice 
of the mouth. The depressor anpuli oris does not, for 
instance, terminate at the angle of the mouti|),or at least 
does so only partially; the greater part curves round 
this angle to blend with the moscle of the other side. 
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Jlitd thus not only acts as a depressor of the angle of the 
mouth, hut also as a depressor of the upper lip. 
levator anguli ori» and the iygomaticm behave in^he 
same manner towards the lower lij», isurving round it to 
blend with the corresponding muscles of the other side, 
and therefore acting as elevators of the lower lip. A few 
fasciculi of the two last-named muscles even pass by the 
angle of the mouth, and, blending with the depressor 
anguli oris, run with it to its point of origin. They form, 
therefore, a convex loop towards the angle of the mouth, 
which consequently they draw outwards. 


No*rE. — It is usual to a second zf/ffomatic whicli^ tbe 

iirst l>eing the mttjor^ is det^rihed as the zifffonwtietu minor. This muscle 
iny however, only a vaiieiy of }»art of the zygomaftcus major, or indeed of 
the levator anguU ork, wiiieh displays no ie;^uiarity either in its appear- 
ance or in its arrangeinent when present. An, moreover, this muscle has 
no independent ethn’i upon the itiobtliiy of the mouth, we can have no 
livsitiition in omitting it from the group of the typical muscles of the 
mouth, ttud in regarding it merely as a variety. 

•a • 

Wc may now i»tum to the constrictor muscular layer 
which surrounds the mquth,*aud proceed to examine its 
component parts. '* • 

We have already seen that it is partly composed 
of the interlacing portions of the buccinator, and of 
the portions detached for that purpose from tiie thrW 
muscles of the angle of the mouth, and we now 
inquire whether other elements enter into the ttumriar 
system, or whether these alone are aulGieient to fonn 
the constrictor muscle. When we consider that these 
elemehis are undoubtedly able to press the lips together, 
but not to draw the angles of the mouth inwardsv' so as 
to give a round appearance to the orifice of the month,, 
it is clear thqt oth«f elements m^et be found in 
to which this latter f^^ helougs, and this 
find to he l&e case uippn closer investigation. ; 
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We are at once confronted with an annular layer of 
hmsole, fully corresponding to the definition of a con- 
strictor (sphincter) niuscld, namely, the orbicularis oris. 
The greater part of this layer is, moreover, so strongly 
connected with the integument at the angle of the 
mouth, as to make it appear that the continuity of the 
fibres must be broken. Although the constrictor may 
thus be considered as divided into two half-circles, one 
of which lies in the uj)per lip and the other in the loa'cr, 
its character as a whole Ls not destroyed, its function of 
drawing in the angle.s of the mouth merely becoming in 
this manner more pronounced, and the possibility given 
for the independent action of one or other of the half- 
circles. 

The function of the closure of the orifice of the mouth 
is further shared by two mu.scles, the inemvi, the con- 
struction of which is somewhat complicated. One of 
these muscles (the ineisivm' superior) it. situated upon the 
upper jaw, the other (the incisirus inferior) upon the 
lower jaw. ' » 

The hici^vvs superufr arises above the external 
incisor tooth and the canine tooth of the upper jaw. 
The fibres proceeding from this point of origin pass (1) 
upwards towards the nose as the depressor aiae, (2) down- 
wards io the upper lip, which they draw upwards, and 
Ci)- obliquely to the angle of the mouth, where they are 
lost in the integument. The last division draws the 
angle of the mouth inwards, and thus completes the 
action of the orbicularis oris. 

The mcisivus inferior behaves in a similar manner. 
It arises beneath the external incisor and the canine 
of the lower jaw, and also separates into three por- 
tions, which are the exact analogues of those of the 
incisims superior. One portion (distinguished as the 
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levator menti) descends to thfe integumeut of the chin, 
and therefore draws the chin upwards ; a second porti^ 
is dispersed along, the lower Bp, which it draws do^- 
wards ; and the third portion passes obliquely to the 
angle of the mouth, in the integameqt of which it is lost. 
The action of the latter portion is, therefore, exactly 
similar to that of the corresponding ^portion of the 
meutirtu superior, except that it draws the angle of the 
mouth more dowTiwards and inwards, while the corre- 
sponding portion of the incisivns superior draws it up- 
wards* and inwards. 

The sphincter system of muscles which effects the 
closure of the orifice of the mouth is, therefore, com- 
posed of the following elements : — 

(1) Part of the /wmVirtfor muscle. 

(2) A true aunular (sphincter) muscle. 

(3) Loop-muscle of the comer of the mouth. 

(4) Parts of th« inmm muscles. 

The great variety of the muscular forces acting upon 
the orifice of the mouth at once explain its ^eat 
mobility and power of assuming such a variety of shapes, 
all of which are of greater or less importance in the 
formation of articulate sounds. The close connection 
between the shape given to the orifice of the mouth and 
those articulate sounds which are influenced byJjLwill be 
discussed more, at length in another section. 

THE TOUOUE. 

A definition of the tongue offers considerable difficuL ^ 
ties, for it is impossible to isolate it as an indep^dent 
structure froip its stuxpundihgs, as we are accustomed tu 
isolate and to desodbe independently a ^ven boue br ; 
muscle. All that :^e it that It a 
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moveable fold, which occypies nearly the whole of tlie 
'^>r of the cavity of the mouth ; this mobility depends 
p^tly upon its power of 'tissuiniug different slmpes, and 
partly from the relatively great power it possesses of 
altering its position. 

If wo proceed to examine the structure of this fold, 
we find that the entire siihstauee of the tongue ap- 
parently consists of a confused mass of muscular filn-es 
and a little intermediary fat. Upon following the 
course of these fibres, we are able to distinguish tliree 
separate muscles on each side, arising upon certain 
bone .surfaces, aud tlius we find that six muscles, three 
upon each .side, passing from different directions, are 
intimately bound together at their free cncl.s so as to form 
a complicated muscular mass, which penetrates into the 
cavity of the mouth and rests upon it.s floor in the form 
of that fold wliich is known to us as the tonffue. In 
addition to the elements contribiUed by these three 
mu.scles, we find, though in a less degree, muscular fibres 
which. are peculiar to tlu toijgue, tlieir origin, course, 
and tenuinatKm being aft within it.s limits. 

The external appearance presented by the tongue 
in the cavity of the mouth is that of a long flattened 
rounded bo(ly, the greater part of the under surface of 
whieh is implanted in the floor of the cavity of tlie moutlj, 
while tljfc upper surface, the donum, faces freely upwards, 
and the apex, or tip, free both above and below, is directed 
forwards. 'The liroad po-sterior end, the Imm!, or root, 
lies near the epiglottis, with which it is connected by 
a small fold of mucous membrane passing from before 
backwards (the tjhmo-epitjloUic ligament), which, being 
attached to the upper surface of the epiglottis, helps toy 
keep it in a raised fM>sitioti. A similar fold of mucous 
membrane, the frenum linguae, passes from the 
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sutface of the apex of the tongue, at the point where it 
rises from the floor of the cavity of the mouth, down^ 
wards to tiie latter. • 

The groundwork of the formation of the tongue is, 
as we have already remarked,* laid^hy three pairs of 
muscles, which, arising from fixed points of origin, after 
a free course of greater or less length, terminate in the 
body of the tongue. The mast important of the three, 
and that at the same time which contrilmtes most to 
the form of the tongue, is the genio-hyo-glossus. It arises 
upon the upper genial tubercle on the inner surface of 


Fm:. 34. 



Thi* of tli<? tongue and hyoid tjone. J, B, ^enithikyoid ; 

fUiruo-hjftiui i JJ, ofwhksfdui; ; b, genuhhythifUuivs; c, styl(hyU^M4 ; 

*t 9tyio^f»hai yttgtuM ; V, IK tMd * div\dfsl. 

the symphysis of the chin. It passes first backwards 
for a short distance and then spreads out upwa^ and 
backwards throughout the entire length of the tongue^ 
So that its uppermost fibres terminate in the apex of 
the tongue, and its lowest upon the upper margin of the 
body of the hyoid bone at the hmdwmost end of 
dorsum of the tongue^ The two (right and left! 
hgo-gUmi muscles, lying dose, blether ha the 
of the body, form to sotne extent the foundation of tfc^ 
tongue, constituting both a of iti isnbr 
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stance, and a central point of support to which the other 
st^uscles are attached. 

^ Next to it wo find ’•the htfo-fflossus muscle. This 
muscle arises upon the upper part of the greater horn 
of tlie hyoid bone, and tlien passes, close to the lateral 
wall of the pharynx above the hyoid bone, forwards 
upon the external surface of the genio-htfo-gUmns to the 
tongue, in winch its fibres spread out and terminate. 

The third muscle is the stglo-gUmus. This is a long, 
thin, round muscular band which arises upon the styloid 
process of the temporal bone, and passes freely down- 
wards near the upper part of the ]»harynx. It bends 
forward above the hyoid hone, and then runs to the 
apex of the tongue upon the external surface of the 
hyo-glossw. 

The muscles wliich are entirely' situated in the tongue 
are the following : — 

(1) The littgualis longitudiiialk'' inferior, a round 
muscular band, running between the genio-hgo-glossm 
and the hyn-gUmm through, the whole length of the 
tongue. 

(2) The lingnalis Umgitmlinnlu superior, n flat layer 
of mmscular fibres which spreads over the entire dorsum 
of the tongue under the raucous membrane. 

. (3^ The lingualis trnnsversus, an aggregation of sepa- 
r.*ite fasciculi, which traverse the whole of the tongue 
from side to side. 

A.S regards the action of these muscles, it is clear 
that the second group, comprising the tliree muscles 
just mentioned, can only have an influence upon the 
form of the body of the tongue, while the muscles of the 
tirst group effect a change of position ,in the body of 
the tongue in addition to a change of form. 

Let us :^st consider the second group, and w© find 
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tlitft the two longitudinal muscles prodaee by their con- 
traction a shortening of the body of the tongde, which 
course makes it under and thichep, A similar effect is aim 
produced in a single muscle, i.e. the ffcjicor of the elbow- 
joint situated in the anterior region cff the upper arm, 
in which thi.s simultaneous shortening and thickening is 
plainly perceptible. A difference will, however, be ob- 
servable, according as the longitudinalis Superior or the 
longitudinalis inferior is in action, or both at once. The 
first, namely, can only effect a contraction of the apper 
portion* of the tongue; and as the lower portion remains 
quiescent, this contraction must produce a concavity upon 
the dorsum of the tongue or cause an elevation ot its 
apex. Similarly, the longitudinalis inferior only acts 
upon the Umer part of the tongue, the dorsum being 
quiescent, and therefore the dorsum of the tongue becomes 
convex and the apex is bent downwards. If the two 
longitudinal muscleg^ct simultjineously, the whole tongue 
is contracted ; if, hpwever, the muscles of one side only 
are called into action, half of the tongue only is con- 
tracted, and directed upwards Or downwards according 
as the upper or lower muscle is most powerful. 

The transverse layer of muscle (the musaUus tmns- 
versus) dzAwa the sides of the tongue together, thus 
lessening the body, but at the same time lengthening it, 
and thickening it in a vertical direction. 

Of the muscles of the first group the action of the 
genio-hyo-ghmus is the most important, and at the same 
time the most striking, for it draws the whole body of 
the tongue forwards, m that the apex of the tongue 
protrudes beyond the ineisor teeth and the lower lip, 
tha hyo'glossus, on the contraiy^, draws it backum^ aa:^ 
downwards, rendering the back part of the ionise 
and forcing it into the pharynx. The 8ty}o*^8Siil 



142 


TH^ ' ORGANS' OP' SPEfiCH. 

f :.■ ■" ■ ■'■■:: 

tlraws the tongue baekwardi, but in an upward dinae* 
tion, thus bi-inging it into contact with the palate; the: 
Vuscle of either side raises tijo corresponding edge of 
the tongue, thus forming a sort of fold throughout its 
length ; if both muscles' act at once they create, by thuflt 
raising the edges, a groove along the dorsum of tho 
tongue. 

Enough hiYs been said to explain the cause of the 
extraordinary mobility of the tongue. Great variety iai* 
shown even by the .simple action of the separate muscles, 
which must, however, be infinitely increased \then a 
number of muscles act simultaneously, or when there 
i.s a succession of ,sim])le or compound actions. 

Three movements of the tongue predominate in the 
proec.ss of mastication : (1) it is alternately stretched ou|^ 
and drawn hack for the purpo.se of receiving the food ; (2) 
it is moved in different ways, hut e.specially raised 
laterally for the purpose^ of replacpig the food, which 
has fallen during mastication into the cavity of the 
mouth, under the molar ,teeth — the hmeinator performs 
the 'same stvvice to th* food which has fallen into the 
cavity of the cheeks ; (S) it is raised backwards la 
perform the act of .swallowing. 

The intiuence of the movements of the tongue 
the. formation of articulate sounds will be particnlatl^s; 
npticecT in another section. * 

THK HYOin BONE. ^ 

2 

The movements of the tongue which wo have 
described are ail derived from muscles which eitheil 
enter into or are situated in the tongue; they Mtaji; 
therefore, be termed independent movements, pr, if 
prefer it, active movements of the tongue. In addi^^^ 



to* thesd there are, however, great number of move* 
mente which we may describe as passive,* as througl^ 
them an alteration is effected in the position of tiie 
tongue as a whole. These movements are imparted to 
the tongue as part of the floor of •the cavity of the mouth, 
and are therefore, strictly speaking, 'movements of the 
latter. They are, moreover, of considerable importance 
in the formation of articulate sounds, because they at 
‘the same time act upon the pharynx in such a manner 
that the position of the latter, especially in a vertical 
directian, is altered, and the resonance tube of the vocal 
apparatus contracted or lengthened. 

The diaphragmatic floor of the cavity of the mouth 
may be regarded as the foundation for these move- 
ments. 

What is meant by a diaphragmatic floor, and how it 
is produced, will best be seen from a consideration of the 
diaphragm itself. The latter is a thin plate of muscle 
• which tliroughout its periphery is united with the thorax, 
'the fibres passing from this attachment as from^ their 
origin towards a central point in such a manner th*at if 
we -follow the course of any two fibres which meet here, 
*we find that they arise from opposite points upon the 
periphery. As. therefore, all the fibres have a fixed 
atti^shmeht at both ends, they cannot possibly, Jike 
other inpsclea, bring these ends together by confractiqji. 
This contraction mu^, therefore, have a different effect, 
which we find to be as foUovm. The musculax plate, 
^hich constitutes the diaphragm, is situated between the 
viscera aM ^ 

ii^^sure oxert^ by the latter in ^nsmitting tbs pros* 
furS of t^S abdominal walls, is greater than that of tbs 
i^iitc^ts of thii thorax, and ^aphjagmiflheief^ 

W becomes flatter. 
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Mid thus exerts a pressure upon tlie abdominal TiscoBt. 
^ generaliziug this eonstruetion, wo must represent a 
^pbragmatic muscle {«? a muscular plate stretched 
between two lixed points of attachment, forming the 
boundary of a cavity r4pou one side, concave when 
quiescent from imc(jual pressure, but becoming flatter 
when in action, and thus exerting a pressure upon that 
side, from whiC-h at other times the pressure proceeds. 

This diaphragmatic construction may he observed in 
the levator ani muscle of the pelvis as well as in the dia- 
phragm ; and again in the lower boundary of the*cavity 
of the mouth. The floor, for instauce, of the mouth is 
formed in this manner ; we will therefore proceed to 
examine it somewhat cio.sely. 

The principal part of the diaphragmatic floor of the 
cavity of the mouth consists of a flat muscle which, in 
current terminology, bears the inappropriate name of 
ntylo-hyoid, but which would he much better described as 
the diaphrayma oris, l)ccause the relation in wdiich it 
stands to the cavity of the mouth is purely diaphrag- 
matic, while its relation towards the hyoid bone is only 
of secondary importance. Upon the inner surface of the 
lower jaw may be seen a .small ridge, the internal ohlupie 
Hue, which passes backwards upon the body of the lower 
jaw_ from the yeuud tubercle, to which we have already 
alludeS.'* The muscle we are derscribiug cro,s.se.s from one 
of these lines to the other, thus closing the lower part of 
the cavity of the mouth, strictly speaking (the ora/ cavity ) ; 
it is covered alaive by the raucous membrane which lines 
the cavity of the mouth and the tongue. The weight of 
the latter presses down the middle of this muscular 
plate, so that it presents a concave appearance from 
below. From this it is clear that a contraction of th«» ' 
muscle wiU only produce an elevation of the floor of the 
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cmnly of the mouth, and consequently of the whole body 
of tlie tongue. * 

In tlie mnscle just described, the fibres run only^n 
one, namely, a transverse direction. Xbe diaphragmatic 
character of the floor of the cavity of the mouth requires, 
however, that another series of fibres should cross the 
former ; and as we find this to be the case with the fibres 
of the digastrie muscle, we need not hesitate to include 
this muscle as participating in the diaphragmatic closure 
of the cavity of the mouth. Before describing it, we 
must *fii*8t show the relation of the hyoid bone to the 
mylo-hyoid muscle. 

The form and construction of the hyoid bone has 
already been described, so that here we need only 
remark that the body , of the hyoid bone is connected 
with the free posterior border of the inyh-hyoid muscle 
in such a inauner that it projects into the posterior 
fasciculi of the hv^^er, and interrupts their continuity. 
This gives rise to .two important relations. One result 
of this connection will b^ that the hyoid bone, apd with 
it the parts dependent upon ft, especially the larynx, 
must be raised by the posterior fasciculi of the mylo- 
hyoid ; another, that aU movements wliich the hyoid 
bone has the power of performing must have an influence 
upon the floor of the cavity of the mouth, ttus, for 
instance, creating the possibility of its depression. •• 

The digastric muscle is composed of two short muscular 
bellies, and an intermediate long tendon. The posterior 
belly arises from the mastoid process of the temporal 
bone behind the ear, and presently blends with the 
tendon, which descends to the hyoid bone, and is here 
attached to the side of the body by an aponeurbtiq 
From this point the anterior beUy passes to 
jaw, and is attached below the myio-hyoid>mxael& tc* the 
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lower margin of this bono close to the genial tubercle©, 
it not unfrequi-ntly happens that this anterior belly has 
an imlependent origin upon the hyoid bone ; but the 
coustruftkm is not materially effected by this variation. 
Thus the iliirastic 'musi-le is in the form of a curve, the 
lowest jioint of which is the hyoitl bono, from the bast- 
of the skull to_ the lower jaw. When in action, it will 
become tense, aiid therefore raise the liyoid bone ; but as 
this elevation of the hyoid bone necessitates that of the 
floor of the cavity of the mouth, the activity of this 
muscle reinforces and completes that diaphra^atic 
action of the muscle. 

From these relations it appears that the hyoid bone 
acts as a tLxod central point of the floor of the cavity of 
the mouth ; it follows that the position of the latter may 
be indirectly affected by movements or alterations of 
position in which the hyoid hone is i)rimarily concerned. 
A.S, more-over, the situation of tlm hyoid bone also 
decides that of the larynx, which is suspended from it, 
the movements and changfs iu the position of the hyoid 
bone must be^furtlier imf»arted to the larynx. 

The moremt'nt of thi-. hifftid hunt' is due to a nural>er of 
muscles whicli radiate towards it from several fixed 
{mints of origin, and are attaclied to the body of the 
bone. „ Xhe mechanism |>resentcd by these nmseles as 
SI' .vholc is the mo.st wonderful of the whole body, the 
small numlKtr of four muscles n{ion each side being 
suflicient to ensssre the movement of the hyoid bone in 
any direction. Thcs number of these muscles is, there- 
fore, really eight, but may be reduced to six, two of 
the four muscles in the middle line of the body being 
immediately connected with those of the other side* 
and thus acting singly from a mechanical point of 
view. 
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The fixed points from which the muscles of the hj'oid 
bone arise are — 

The genial iuhercUa of the lower jaw. 

The posterior surface of the upfier part of the breast- 
bone. * * 

The xtiflo'ul jtrocess of the temporal bone. 

The upper border of the internal surface of the 
shoulder-blade from the supra-scapnlar notch 
behind the comeoid process whi/’h rises from the 
upper part of the neck of the shoulder-blade. 

The names of the four muscles are derived from the 
})oint8 where they terminate, and following the same 
order a.s above, will be therefore — 

The gcmo-hifoid. 

The stermt'hyoid. 

The slglo-hifoid. . 

The ouw-hyoid. 

As regards the 4 >osition o£ the latter, we need only 
observe that the gcniodiyoid passes direct!}’ along the 
lower border of the gcnio-Jitfo-^lossm, which has at^eady 
been described, and above the hylo-hyoid, "So that it is 
covered inferiorl}’ by the latter. The other three muscles 
are free. (Of. Fig. 34.) 

If we regard the group of the muscles of the hyoid 
bone hrom before, we find that the genio-kyoid descends 
directly towards it, and that the sterno-hyoid and tiae 
omo-hyoid ascend vertically to the side of the bone. 
Thus all transverse movements of the hyoid bone are 
provided for, though at the same time the action of these 
muscles is most powerful in a vertical direction. 

If .we take a side view of the group, we find that the 
direction of the genio-kyoid is distinctly from before, 
backwards, its rise being much less pronounced. Oh 
the oth^ hwd, the afrrRO*%ot(f, the direction of which 
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is undotibtedly als<i from before backwards, is much more 
romarkablo for its upward tendency — so much so that 
our attontion is almost entirely claimed by the latter 
peculiarity. The direction of the x(tflo-htfoid and of the 
again, i.s distinctly forward, tlio former fnnn 
above and the latter from below. Movement in every 
direction is thus ])roviiled for in the mid<lle line of the 
body of the hyoiti bone. 

The glance we have taken from these two points 'f 
view shows that the upward direction is the one least 
provided for, the ornio-hifuid having a more forward 
direction, and thus that the upward movement through 
muscles of the hyoid bone is ehietly due to the s'v/o- 
hi/oui ; it seems proliable. therefore, that the whole of 
the diapliraguiatic apparatus of tiie cavity of the uiuntli, 
descrilanl above, must take part in the production of the 
movement. The demonstration of the muscles which are 
either directly or indirectly, concerned in the movements 
of the tl<,wr of the cavity of the month, would gain greatlj' 
in simplicity if we cotild regard the >j> and 

the stylo-rflosxm as part Af the diaphragmatic apparatu.s 
which rai.ses the floor of the cavity of the mouth, and 
therefore unite them into one group with the miilo-htiaitl 
and the duiastrk as “ elevators of the floor of tiie cavity 
of the mouth and the tongue,” whicii group would then 
I>e opposed hy another con.sisting of the stt-rnodufoul and 
the imo-htjoid, or ” flepressors of the floor of the cavity 
of the mouth and the tongue.” The first of these groups 
would also, from reasons already explaiiieil, act as ele- 
vators of the* larj'iix, and the latter os depressors of the 
larymx. 

The laiy ux is not, however, entirely dependent upon 
the movements of the hyoid bone for its elevation and 
depression, but possesses for this purpose special forces. 



STRUCTURE OF TH^ ORGAKS OP SPEECH. 149 

m 

which are most closely conneoted with the group of the 
muscles of the hyoid bone, and especially with the tterm- 
hyoid, • ^ 

Covered by tlio stenio-hyoid, a Ipng muscle passes 
upwards from the sternum to fhe hj^Aid bone, being ap- 
parently nothing more than a deeper layer of the sterno- 
hyoid, but distinguislied from the latter by having 
another jKont of attachment upon the ttiyroid cartilage 
of the larynx, thus separating into two parts, which from 
their attachments are called respectively the hyo-thyroid 
and the stern o-(hyroid. This band of muscle, which 
might he called the sUrno-hyo-thyrokl, has, as a whole, 
tlie same action ns the sternodiyoid. The action of its 
separate parts differs, however, with regard to the larynx, 
ih^hyo- thyroid raising it towards the hyoid bone, and 
the sterno-tkyrokl depressing it in the direction of the 
sternum. 

The hyo-thyroiii, again, ligs a special influence upon 
tlie act of swallowing. When, for instance, it is then 
called into ludion, it celaxi‘S the median hyo^thyroii 
lifftinumt, the tension of whiclf* keeps the *epiglottis up- 
right, and thus facilitates the fall of the epiglottis by 
wliich the entrance to the larynx is protected from the 
passing food. 


THK PHABVXX. 

The hinder portion of the cavity of the mouth is 
closed towards the pharynx by the apparatus which is 
known to us as the soft palate, or the velum palaU. The 
latter may be generally described as a soft pendolotts 
fold, which aooording to its position either shuts off the 
cavity of the mouth firom the pharynx, or iho na^l 
division of the phaiyux horn that bdongiiig to the cav% 
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ofthemoutb. The nppiwatua is not, however, quite «o 
simple as it 'appears at tirst sipbt, for wo find tlmt the 
w\Us of tlio jdiarynx aiv inoludod in tlie meohuuisui. 
We must, tlu-refiu-e, first consider the walls of the pharynx 
with regard to the' moveihents of which they are capable. 

The pharynx is distinguished fri)m the rest of the 
alimentary canal, especially the oesophagus, of wliich it 
is the uj>per termination, in not being, like the hitter, 
an enclost d circular tube, for it is entirely without an 
anterior wall, the cavities of the nose, mouth, and larynx 
all opening into tiiis side : unless, indeed, we regard as 
an auteriiir wall the ptisterior margins of the septa be- 
tween these cavities, or, since these septa are proloiigetl 
into the soft palate and tiie epiglottis, the free margins 
of these two folds. The jdinrvnv, therefore, has only a 
posterior wall atid two lateral walls, the latter being con- 
tinuous with the lateral wails of the eavitie.s of the no.se. 
mouth, and larynx. . / 

The muscles in the walls of a jv rfeet tube are so 
arrangf^-d that some surfftiunl the tube as an annular 
plane of fibn^^, while the* rest run dtnvnwards as a lon- 
gitudinal plane. Tiie first eoutraet, tlie latter, on the 
contrary, shorten the tul)e. 

I he absence of an anterior wall in the pharynx 
maliesjt impossible that there should i»e a perfect con- 
stjvctur muscle, and yet the same inovementH take place 
in the pharynx as in a free tulw' — shortening, namely, 
and contraction. Tliis beemnes possible from a modifi- 
cation in the typical muscles of a tal>e. in accordance with 
tl»e relations of the pharynx. The constrictor mnsclcs 
being chiefly concerned, wc will first examine them ; 
the motlification of the longitudinal muscles is closely 
connected with tlie adju-siment of the soft palate, and 
will, tiierefore, Ijc discussed with the latter. 
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• The contraction effected by tb© constrictor muscle of 
a tube is due to the fasciculi of fibres of which it is 
composed, which, in shortening, form the circumfereute 
of a smaller circle, and thus all the points of tb© cir- 
cumference are equally approdehcd to the axis of the 
tube. The same contraction may, however, take place 
if one point of the circumference is fixed. The only 


Kui. 35. 



1‘iAjrrAm of a : a, wht'.n rflas^l » wh<n comrActoti. 

difference will he tliat here the separate points of the 
circumference arc approximated to this point, when the 
contraction takes jdiK*©. 

Fw. 36. 
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!>U<i;rRm of t oi>n«iiicU»r muacV, In wh(di a point (c) of the perli)b«rj' is fixed : a xsd h 
M in Fig. 35. ^ ^ • 

The relation of the circle at rest to the contracted 
circle is in the first case that of two concentric circles, in 
the second th.at of a smaller circle, which touches the 
inner surface of a larger circle at one point; in the first 
case the two circles have a common centre, in the secopd 
a common Pungent. 

A similar relation to that just described wUI, hotv- 
ever, result when two points of a dreamference are 
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separated by, for instanea, oue-fourth of the circuiA- 
feronce, when', of course, tlie reuiaining portion between 
the |H>ints may be abscitt. The remuining arc will, 
therefore, be drawn towards a line connecting the two 
fixed points. Iltuv we can no longer speak of a con- 
strictor mu.scle, but must regal'd the entire construction 
as a " loop ” w'ith two fixed |)oints, or points of attach- 
ment. 

K?*, iiZ. 

" .'f 

. \ 

Z i 

c c 

of A f tlnp I'scii ; ni atol If x* )ft ytg 15 . 

It is a metamorphosis of this kind which takes place 
between the constrictor mjjscles of khe a'.soplingus and 
the muscular planes whi<di we find in.the pharynx, friun 
the Ipwer border of the ciieokl cartilage of the larynx 
to the base of the skull. * 

Before passing to the examination of thi.s arrange- 
ment in the pharynx it.self, let us first consiiler the 
mechanism of such a loop. Let us .still imagine a loop as 
constituting three-fourths of tlie circumference of a circle, 
and instead of the remaining fourth a line connecting the 
two fixed points as the Imse of tlie loop, we shall then be 
aide to divide the loop into three parts, namely, into the 
part opposite to the base line and the two lateral parts. 
Now, the contractile action of a bmp will he most readily 
understood if we imagine tlie highest portion of the loop 
to he brought nearer to the base line, and the lateral 
|M)rtion« to each other. Referred to the pharj-nx, this 
implie.s that b^* the contraction of the loop-muscles of the 
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pharynx the iwsterior wall of llie pharynx is drawn for- 
wards and the Literal walls inwards. 

'J'ho fixed points of the loop-muscles surroundifig 
the constrictors of the pharynx are .three in number : 
(1) the larynx, (2) the hyoid bohe, and (8) the maxillary 
portion of the skull. A loop-muscle enclosing the 
pharynx arises from each of these points, and the three 
loops are called citlier, from their position, the inferior, 





Th^ of phiktynx, a, Superior eomtricUir. pMirinfc into the 

tHior4n«tor; kwr ; r, infitarior ooi»tric<or; d, aiylo^pHatyag&aai 

I ciiaphrAgtUA ori« (niyU>*b^'oid>. 

middk, and mperior wn-itrictore, or, from their points of 
attachment, the hrynpo-pharpn^eue, hyo-jdtarynyeta, and 
tho (funtho-pharifn-gem. 

The arrangement of the three constrictors presents 
this peculiarity, that their fibres, closely packed tog^her 
at the two points of attachment, divei^ tm they pass 
backw’ards--80 much so that the two hidres of each 
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mnsde meet iu a comparatively long line in the niitUUc 
of the po-sterior wall of the pharynx. As each of the 
cthistrictors .spreads out Imckwartls in this manner, they 
must partially coyer each other, winch in fact we liiul 
to be the case, thb upper margin of tlie lower l<K)p in 
each case overlapping the lower margin of the one above 
it. Wi- must furtiutr remember that the oblique direction 
whieli their divergence gives to the greater number of 
the iibros. introduce.s a longitudinal eom{)onent into their 
action, thu.s making up for the absence of longitudinal 
tibres. 

The inferior ciuistricti)r consists of a lower portion 
(the enV, >-;>/(, which arises from the (uiter sur- 
face of the cricoid cartilage, and of an upp(“r {>ortion (the 
arising from the raised obiiqut- lim* on 
tlie lateral surface of the thyroid cartilage. The lower 
margin of the entire musele is horizontal, and rests im- 
mediately upon the circular plane oi. libres of the leso- 
phagu.s ; the upper margin ascends, rupitlly from tlje 
divergijiee of the fibres, and overlaps the greater part t)f 
the adjacent muscle. * 

The greater part of tin* middle constrictor (the hi ntfo- 
phnruttipuu) arises upon the upper border and the po.s- 
terior rounded end of the greater liorns of the hyoid 
boms.; ^ a small portion (the dnintho phaniuifeun) arise.s 
njiion the*lcs.st:r horns of the hyoid bone. In this muscle 
the descent of the lower margin is slight; the upiJCr 
margin, on the contrary, ascends very altruptly, aiul 
overlaps the greater part of the succeeding muscle. 

The .superior con.strictor is an exceedingly broad layer 
of muscle ; one portion (the mykt-pharpntjem) arises upon 
the inner surface of the lower jaw, immediately in front of 
the nttiichment of the yrvnterox internal pterytjoid mmrle{ 
another portion (the pternytt^pharyntjem) from the lower 
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part of the jiosterior free ina);gin of the internal ptery- 
j^oid plate. Between these two a larger middle portion, 
lying against the inner surface of the ptcrifgoid 
passes directly into the huccinaior; forms with the 
latter, therefore, one muscle, which niight be called the 
sU>maU}-p1mrgngcm, This muscle is,* however, generally 
understood tp Ik^ interrupted by a narrow' tendinous band, 
which is observed in that part which is in relation with 
the greater pterygoid mmele, and the portion in front of 
this ligament is called the buccinator mvHclc ; the portion 
situated behind it, which is directly continuous with the 
two first-mentioned parts of the superior constrictor, is 
known as tlie hucco-pharyngew. The divergence of the 
fibres is not so striking in this muscle, though its lower 
margin is seen distinctly to descend, and its upper 
margin ascends to tin; base of the skull, to which it is 
attached by a narrow prolongation. 

In .spite of a cactain simihirity in their arrangement, 
the thnte constrictors have each a significance of their 
own. The two lower one.^ namely, are only brought into 
service in the act of swallowing^ for, always beingin the 
contracted state, they press the larynx and the ends of 
the greater horns of the hyoid bone against the posterior 
wall of the pharynx, and can only be called into action 
during the passage of food. The upper constrictor .has, 
however, a free space in front of it which itcan*dimiiush 
by its own contraction. We shall presently show the 
part which such a movement plays in the formation of 
articulate sounds, and how the superior constrictor thus 
assumes the character of a muscle belon^g to the action 
of speech just as much as the two lower ones assume 
that of loop-muscles. 



156 


THE ORGANS OP SPEECH. 


TIIK s6VT P\L.VTE. 

In eousi»lerin.£» tlie apparatus of the soft palate, the 
itlea of a peiululous foKl is of the greatest assistance 
towarJs a true cuiiiprehension. This idea moreover is. 
within certain limits, us convenient as it is correct, being 
specially well adapted for a sectional illustration ; at the 
same time, it by no means fully represents the mechanism 
of the st)ft palate. We obtain jui idea which in many 
respects is more accurate, if we regard the soft palate as 
an apparatus consisting of a <louble constrictor muscle, 

r 



r 

:f two o>n«rkiej» uriitM lo in % of th#*ir rirrtjm 

fAP^^nce’, tjiich » a ir.}. Tin; lin^ t ii*r of Utfiu 

tAkes wiiii*.'* on*?, of th * 

which on the one hand cuts off the cavity of the mouth 
from the adjacent p<irtioi: of the pharynx, on the other, 
the portion of the pharynx which adjoins the nasal cavity 
from that which belongs to the cavity of the mouth. 

If, now, in our examination of the construction of the 
soft palate, wc take us our starting-point the simplest 
diagram of a con.strictor muscle, wc shall find that our 
first diagram of tins apparatus will consist of two circles, 
which meet in one point of theii’ circumference. One of 
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t1i«Be circles would embrace the circumfereuce of the pos- 
terior iiares, the second the posterior apertur<5 of the cavity 
of the mouth. If, further, we imagine each circle to repre- 
sent a constrictor muscle, the result inferred in both cases 
will be correct : ( 1 ) that this dohble ajiparatus on the one 
hand will effect a closure of the nasal cavity, on the other 
a clo.Hure of the cavit}’ of the month ; and (*2) that if the 
jHiints opposite to tlie points of contact of the two circles 
are fi.Ked, the two constrictor muscles must act antago- 
nistically in such a manner that the contraction of the 
one must cause an expansion of the other, so that, there- 

Fie. 40. 



PiaiKrJtm of tin? two conatrlrt'W musicle# folo loGp-mixficlea with 

two poiiiiH of tuaifon (r c). iMtrd Hue Iw Fig. 

fore, the closure of the nasal cavity must be accompanied 
hy the opening of the caxdty of the month, and ^hat of 
the cavity of the month by the opening of Ihe nasal 
cavity. 

The aliove result is, howtwer, in reality obtained by 
the two muscles not being constrictors but loop-muscles, 
and the apices of the two loops being connected. The 
upper loop effects the closure of the nasal cavity, the lower 
that of the cavity of the mouth. The apices of the two 
loops come into contact upon the boundazy between the 
cavity of the mouth imd thWt of the nose ; that is to way. 
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at the posterior eml of tlie iuirl palate, or, more definitely 
still, in that prolongation of the hard palate which is 
kiiown to us as the rtlum f>iitati, or soft palate. 

The distinctive features of the soft palate are derived 
from that part which lifs in the cavity of the motith. 
The foundation is laid by a loop-muscde (the /w/ato* 
, which is situated immediately upon the 
mucous membrane of the pharynx ujul is covered exter- 



MuiViii'.-* of ptiVtl*. rt. w**; fj, f tiLifi . r, ns*fflfir 

ucti-f-Tic;. fi, /xei ; •, iiyUt’phmyTUj^nA iy iexAtv.r i,if pharynx). 

nally by the constrictors. The fixed points of the loop 
rest upon the posterior border of the thjroid cartilage ; 
it then ascends the side.s of the pharynx, curving inwards 
to form its aja-x in the soft palate. External evidence 
of tliis muscl*.- is given by a fold of mucous inombrane 
which projects into tlie interior of the pharynx. This 
fold i.H very indistinct at first, hot becomes more pro- 
nounced above the hyoid bone, finding its greatest 
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breadth in the soft paiatc. If we trace its course from 
the latter, wo find that the two together form a crescent- 
sliaped fold, the broad middle, ijortiou of which passes 
inhi two lateral processes which descend backwards. 
This broad middle portion, which appears as a soft con- 
tinuation of the hard (bony) palate,’ is called the soft 
juilnte ; the two processes which are direct continuations 
of it are, however, known as the posUrior pillars of tiie 
soft palat*', and are notliing more than the fold which 
was mentioued.above. Opposite to these posterior pillars 
we find the anteri(jr pillars, two very narrow folds, which 
run upwards from the base of the tongue and unite in 
tilt? margin of the soft palate with tlie posterior pillars. 
In the triangular space left on either side between the 
two pillars and the lateral margins of the base of the 
tongue may lx; seen two rounded glandular bodies, about 
the size of a hazel-nut, namely, the tonsils. The free 
margin of the soft j^alato is still further characterized by 
a conical-shaped process wliich hangs from its centre, 
and which is known to us^s the nvuhi. 

From the above remarks w« may imagine tJie soft 
palate as part of a loop-shaped fold, which, projected into 
the interior of the pharynx by a loop-like muscle, sepa- 
rates the cavity of the mouth from the adjacent portion 
of the pharynx ; this will also explain the pendent posi- 
tion of the soft palate when at rest. • * ; 

Turning now to examine the influence and action of 
this closing apparatus, wo will for the moment regard 
the thyroid cartilage as a fixed starting-point for this 
action. The apex of the loop will in the first place be 
drawn downwards towards this point, and the soft palate 
consequently depressed ; as, however, this depression will 
soon be opposed by the connection of the latter with the 
hard palate, the sides «U1 be drawn out into a straigbi 
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Ihie ; the posterior pillars will, therefore, be driven inword.s 
so far that they almost eome into contact with each 
other. The cU'sure of the canty of the month from the 
phar;\'nx is. tlierefore, chiefly effected by the sinutliaueous 
advance of the jiostorior pillar.s of the soft palate towards 
each other, the soft palate it-self doing little more to 
effect this re.suit than when at rest. 

It must, however, ho remembered that thcs position 
of the larynx is not absolutely fixed, so that wln-n a 
further de.scent of the soft jialute meets with opposition, 
it is the larynx which forms the basis of any further 
action. Thus, if the aetu>u i.s continued, the larynx, 
together with the lowest i»art of tlie pharynx, i.s <lrawn 
upward.s. The />(//< i/o-/i/n<ri/»o/eH.s- muscle acts, therefore, 
in a twofold manner during .swallowing : in the lirst 
place, closing the aperture of the cavity of the mouth, 
thus preventing the return of the food which is to pass 
into the pharynx ; and, secondly, facyitating the de.scent 
of the foot! into the oesophagus by drawing the latter up 
towards it. 

The action of this mu-scle has-, therefore, a secondarj- 
effect upon the pharynx and (esophagus, which give.s it 
the- character of a hnigitudinal muscular layer ; it may, 
therefore, la? regarded a.s a mcHlification of the longi- 
tudinal muscular layer of the alimentary canal, and 
the .more .so ns the effect prcxluced is partly duo to a 
layer of muscle situated beneath the mucous membrane 
of the iM>sterior wall of the pharynx, and not attached 
to the thyroid cartilage; the soft palate here acts as 
the fixed point for the ensuing elevation. 

The longitudinal character of the action of this 
muscle bec(>me.s still more striking when w'o find that 
two portions of it have their attachment in the base of 
the skull, from which point they act only as elevators of 
the pharynx. \ , 
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The firet of the attachments here alluded to is that of 
the free fasciculi of the jwtUttn-pharyngcm, which, instead 
of passing into the soft palatei ascend still farther, and 
are attaciicd to the Eustachian tube (mlpingo-pfuiryn- 
gem m.). 

The second attachment belongs to a comparatively 
strong, round fasciculus, which breaks oflf at the boun- 
dary between the middle and superior constrictors, 
j)a!>8ing outwards between these two muscles, and then 
rising freely upwards, to find attachment upon the styloid 
process of the temporal bone (stylo-pharyngem m.). 

The uj»per loojy-like constrictor muscle which belongs 
to the nasal cavity has a similar oblique jmsition, having, 
like the lower, its fixed point of origin near the vertebral 
column, from wlunce it descends obliquely forwards as 
far as the soft jialate. The In ator paluti muscle must 
be regarded as the leading feature in this part of the 
apparatus of tlic skitt palate. It arises from the apex of 
the petrous portioi\ of tlie temporal Ixme, and from the 
iwljoining margin of the Enstochian lube. lu this pdgin 
it is closely contiguous with tlfC mucous membrane of 
the pharynx, which here forms the concave roof of the 
latter below the base of the skull; but instead of fol- 
lowing this surface, it descends to the soft palate, and, 
like tiio palato'pharyngcus, is covered externally T^y- the 
superior constrictor. In the soft palate it expands ^tb 
the same muscle of the other side into a loop which lies 
liehiud the corresponding loop of the palaio-pharyngms. 
The position of this muscle upon the nasal side of the 
soft palate gives it the character of a muscle for closing 
the nose, as the {msition of the palaU>-pkaryngefts upon 
the oral side of the soft palate gives to the latter the 
character of a muscle for closing the mouth. This course 
enables the muscle in (Question, or rather the loop formed 
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by the muscles t)f both sides, to raise the soft pukte 
backwards, so that the lower margin of the latter is 
approximated to the jH>sterit>r wall of the pharynx ; by 
this means the na^al portion of the pharynx is shut oil* 
from the oral portion. 

The action of this hnip is. moreover, strengthened 
by that of the urulac {liTulor uniUie). Tliis muscle 

consists of a pair of fasciculi, which arise from the 
posterior bonier of the hard palate, and pass im- 
mediately below the mucous membrtuie of the posterior 
surface of the soft palate to the apex of the uvula. 
When in action it helps to raise the posterior margin of 
the soft palate, and es(H?cially the uvula, in a backward 
direction. 

In addition to these two elevators, a third muscle 
enters the soft jialate from above, in which the character 
of an elevating loop is curiously moilifn-il. 'I’hi.s muscle, 
the tennor jinkiti, arises ou the outi:at side of the hrnOtr 
j}alnti from the m-uphiti/l fois-'iii of the. internal pterygoid 
plate, and from the contigtiou*: margin of the Eustachian 
tube. It descends upon the external .surface of the 
superior constrictor, and winding round the hooked 
(annular) proec.ss of the intenial pterygoid {date with 
its tendinous end, enters the .soft palate from the side ; 
its fibrejj liere spread out, and form with those of the 
otbf.r side a tendinous plate (aptmeurosis), the anterior 
margin of whieli i.s attached to tlie iwsterior margin of 
the hard palate. When this muscle acts the aponeurosis 
is made nsc horizontally, giving the same direction to 
the upper half of the soft palate. Thus the two Irratoren 
jmltUi form a l»>op. modified, it in true, which acts an an 
elevator of the soft palate, and takes part in the closure 
of the nasal portion of the pharynx. 

If we no^‘ look back upon the different mechanisms 
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and apparatus in the cavity of the month with which, 
from the foregoing remarks, we have become acquainted, 
we find that its adjustment rests upon a most simple 
foundation, and yet that it is adapted for the greatest 
variety of purposes. We may make a brief summary 
of these characteristics as follows : — 

(1; The cavity of tlie mouth is a large, spacious 
cavity, the roof being formed by the rigid hard palate, 
which is a part of the uijper jaw. 

(2) The ports composing the floor of the cavity are 
soft, and only partially fixed through their connection 
with the lower jaw. 

(8) Tlie anterior border of the cavity of the mouth 
is formed Vjv the orifice which is bounded by the lips. A 
number of muscles, some entirely situated in, others 
entering the lips, give to this orifice the power of as- 
suming different shapes, and especially of opening and 
slmtting in a variety of ways and degrees. 

(4) The poPt<*rk>r border of the cavity of the mouth 
is indicated by the apparatus* of the soft palate ajid its 
pillars. In this apparatus d constrictor muscle for 
closing the nasal cavity, and another for clo.smg the 
cavity of the mouth, are connected in such a manner 
that the soft palate, strictly speaking, is entirely under 
their control, so that it can be employed in shpttiug oflT 
the cavity of the mouth from the pharynx, or, agaiA^ in 
shutting off the nasal from the oral portion of the 
pharynx. • 

(6) The interior of the cavity of the month is divided 
by the teeth into two imperfectly separated spaces, the 
cavity of the mouth and the cavity of the cheelts. 

(6) The interior of the entire cavity of the mohtb 
can be enlarged by the depression of the lower jaw, and 
modified in its form by the advancem^t of the hitter, ^ 
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(7) The interior of the cavity of the cheeks is de- 

pendent npon the tension or contraction of tlie buccinufor 
muscle. ' 

(8) The interior of the cavity of the mouth, strictly 
speakiu}!. can he modi tied in a great variety of ways in 
form and width hy the activity of the tongue. 

(9^ The tongue produces the.se chaugo.s tli rough 
alterations in its own form and position. 

(10) The tongue, however, is more passive in the 
movements of the floor of the mouth, which are partly 
diaphragmatic eU'vations of the latter, and partly 
depre-ssions caused hy lowering tlie hyoid hone. 

(11) Among the group of mu.scles whicli draw down 

the hyoid bone sire two. «.uk‘ of which drsiws the larynx 

to the hvoid bone, while the other draws it awsiv. 

* * 

(1*2) Further, the elevatinn or depression of the 
hirynx is dependesit upon that of the hyoid hone, to 
which it is sittachcd. . 


Tlie air-passage.s which we luivc described are, like 
all parts of the organism, provided with nerve.s, which 
are partly sensory nerve.s for the .skin with which they 
are cgveml, and partly motor nerv(\s for the muscuhir 
parts. Bo far as the air-jiassages are in connection with 
the animal part of the body, the.sc nerves give the pos- 
sibility of conscious perc(>pti<)n.H and voluntary luovo- 
nients. Their nerves, therefore, proceed from the centi'es 
of the animal nervous sy.stcm — the brain, namely, and 
the spinal curd. 

Now, since the creation of articnlate sonnd.s depends 
partly upon tlie presence of a suitable current of air, 
and partly upon the modifications to which the lathM* 
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cf.n he Bulijected, the nerves, belonging to the organs 
of speech may be regarded from these two points of 
view. • 

As regards the nerves which regulate the current 
of air, it would appear at lirst sight as if nerves 
took no part in the production of this current ; for, 
as we have already shown, the current of expired air, 
which from the present point of view is of the greater 
importance, is duo to the purely physical action of the 
elasticity of the tissue of the lungs and the costal carti- 
lages. On the other hand, it must be remembered that 
the force of a current of air produced in this manner 
must to a great extent depend upon the degree of 
dasticity oalhfd into action, and this, again, depends 
upon the degree of the preceding tension. The latter, 
ho\vev(tr, is created by the force to which the inspiratory 
act is due. The stronger and deeper the insjiiration, the 
stronger and fuller ivill be the current of the expired air. 
Those nerves which give activity to the inspiratory muscles 
wall, therefore, undoubtedly hhve a great, if indJrgpt, in- 
iluenco upon the general characteristics oi the expired 
current of air. Ordinary quiet inspiration is effected 
by the activity of the diaphragm alone; when deeper 
and more powerful, several groups of muscles already 
described are called into play, the action of, which is 
principally directed towards raising the walls tit«'the 
thorax. All these movements take place automatically 
without any effort of the will, but they may«be so modi- 
fied by the will, that they may either he carried on with 
greater force, or the separate acts may be more rapidly 
performed, or, again, the number of these acts within 
a certain space of time varied. Thus we have to a 
great extent the power of regulating the current of air 
according to requirements; and so we see in orcUxmry 



166 


THE ORGANS OP SPEECH. 


quiet speech that the <i«it*t course of inspiration is 
scarcely iuterruptetl, but in loiul spoech, which re(jiiires 
u stronger current of air, we t>l)serve a tleeper and 
stronger insj>iration, and in rai>id sptH'ch, when a great 
quantity of air has to pass through tlie vocal organs 
in a short space of time, we find a (pnek repetition of 
the separate acts of inspiration. 

The degree to w hicdi the will may regulate the current 
of air exjjelled by the force of elasticity alone is not. 
however, contined within the above limits. A more 
direct inthunee is derived from tlie voluntary muscular 
activity by which tlic current of air may he pre- 
vented from escaping too quickly, and thus become 
better adapted for use. This is aehit ved by the atten- 
tion being directed to the inspiratory muscles, and after 
the completion of the inspiratory act not allowing them 
to relax suddenly, but forcing them to do so l»y degree's. 
The necessity of asserting this eiT^Jct of tlie. will for 
ordinary .speech will most clearlx' be si-eii if we consiiler 
the peovdi;,o*ities in the speech \>f delicate persiais. They 
.speak, for instance, in jerks, because from the ttK> rapid 
e.scape of the current of air they are obliged to take 
breath more frequently, ami, what makes this mates-sity 
more striking, cannot at any time take a deep breath on 
acconvt of tlie weakness of their muscles. 

• fJealthy per.«on.s when uwakt* always hold hack the 
respiratory current in this manner in onlinary quiet 
breathing, .so that the time emj)loyed in inspiration and 
expiration is almost iiie same. "When asleep, however, 
on account of the absence of this modifying element, 
another rhythm is followed, namely, a prolonged quiet 
inspiration followt-d by a quicker e.xpiration ; and during 
spe<!ch, again, from reasons wiiich may be inferred from 
what has beqn stated above, the rhythm is reversed. 
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the iii8i>iration, namelj'. Wing short and the expiration 
long. 

Tlie retreating current of air which is to be employed 
in speech can, therefore, be modified in a great variety 
of ways by the manner in whfeh tlie inspirator}' act or 
tJie relaxation of the inspiratory muscles is regulated. 
The f xpiratory act itself can, however, also be modified 
by voluntary muscular activity. The expulsion of the 
air from the lungs is not entirely due to the elasticity 
ilescribed above, but may be reinforced by muscular 
activity. In quiet breathing this is due to the abdominal 
muscles, in stronger breathing more directly to the 
expiratory muscles acting upon the walls of the thorax. 
"When these muscles are called into play, the strength 
and rapidity of the current of air is increased on the 
one hand, and on the other the emptying of the lungs 
is more fully performed than would be possible from 
the force of elasti^ty alone. By this means a singer 
is enabled at .any .time to hold back the current and so 
avoid taking breath at uasuftable times. It is, again, 
within our jwwer to separate the single expiratory act 
into a number of smaller parts, by suddenly stopping 
a powerful expiration due to muscular activity, then 
allowing it to go on, then again stopping it, and so on, 
the single expiratory aet being thus divided into as 
many short explosive expirations as we please. . «J’hia 
gives the singer the power of producing a series of 
distinctly separated tones — ^tbat is to say, of singing 
''staccato.*' And then, again, a continuous current of 
breath can, by a corresponding regulation of the activity 
of the muscles, be made alternately strong and weak, 
quick and slow, and thus occasion an increase or demreaaa 
in the power of the voice, 

AU those muscles which directly or indirect}^ efi^t 
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the tnodifications of the .current of air which wo Imve 
just described, arc excited to their activity by motor* 
nen’es, which arise in the .spinal canal ; these nerves, 
moreover, may ho divided into three groups, one of 
which, it is true, only contains a single lujrvo. 
vD Tiie phrenic or diaphragmatic nerve. 

(•2) 'I'lie ilorsal n»?rvcs. 

(d) Braiu'dios of the brachial plexus. 

The phivitii- ni‘rr>', passing from the 8t>inal canal 
in the upper part of the neck, is the motor-nerve for 
the diaphragm; its activity occasions ordinary quiet 
breathing. 

The ilorml rii’rn'ii enter the region «tf the chest from 
the spinal canal, aial are distributed anumg the ititer- 
costal cartilages utid the alKlominal muscles ; they 
etTeet the stronger inspiratory and expiratory acts. 

The urri fit •>/ tht’ hou-hitil pltrm escape from the 
spinal canal in the lower jcegion of tivc neck, and after- 
wards divide to supply all the parts oC the arm, and also 
the greitl,jnuseles which pass from tlie trunk to the 
arm ; when 'the arm has l>een fixed to some external 
object, they hell). ca.ses of great want of breatli, to 
raise the thorax a degree higlier. 

As long as the.se lu'rves can perform their functions 
in a uprmal manner, the processes desorihed above, and 
the- <r.,5,litioation.s of those processes, are carried on with- 
out interruption. As soon, howex'cr, as any disturbing 
eau.se aj»pears, whether a general affection of tin* whole 
nervous system or merely a local derangement, the breath- 
ing apparatus, and therefore the expiratory current, will 
.suffer, partly from the affected nerv'es being themselves 
di.sturlred, un<l partly from the will lx)ing deprived of its 
influence. Thus general nervous excitement occasions 
quick breathing movements, or a convulsive cessation of 
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tliose movements ; rapid spee/jh is, therefore, the effect 
of this nervous excitement, while the stoppages in the 
speech observed at such times may be partially attributed 
to the check sustained by the breath. It is, again, a 
well-known fact, that if the cliest or hands are cold, 
a numbness may be produced, the result of which will 
be a halting trembling voice. 

We must include in the apparatus for the production 
of sound not only the motor-nerves, which act upon the 
muscles of these apparatus, but also the sensory nerves, 
which render the skin forming their external covering 
capable of receiving impressions. These sensory nerves 
have a twofold importance with regard to their appa- 
ratus and their functions. In the first place, they possess 
the characteristics of all sensory nerves belonging to the 
skin — that, namely, of imparting the intelligence of the 
contact of the surface of the skin with any foreign body, 
and thereby giving. yarning of, and affording protection 
from, external injury; in many parts of these apparatus, 
indeed, the arrangement k su(?h that the usual , circuitous 
path to the exercise of volition through a conscious sen- 
sation is unnecessary when an injurious foreign Iwdy or 
a detrimental irritation is to he removed, hut the contact 
of the foreign body or the irritating object is sufficient to 
create a so-called “reflex action," the purpose of which is 
to remove the irritating body. The air-passages, 
sj>eaking, are specially remarkable in this respect. To 
show the truth of this assertion, we need , only recall the 
fiud that when irritating vaiwnrs or foreign b^ies (when 
swallowed) enter the larynx they immediately give rise to 
violent coughing, and any irritation of the inner surface 
of the nose is followed by a sneeze. A second character^ 
istic of the sensory nerves, winch b of importance to the 
organs of speech, b that they control activity of 
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the niusc'los. The excitWition which they receive frcMii 
the tension or wriukliu** of the skin they transmit us a 
sensation tv> the !»ruin, and tlius bring intelligence of tin- 
completion of any muscular action ; and on the otlier 
hand, when contact is sought by any muscular movenu-nt, 
they iiulieute when and to what degree the <M)ntact has 
takt ii place. Cases have lu-en known in which persons 
sutlering from an affection of the .sensory nerves of the 
hantl have been ututlde to take tiriu hold of anvthing, 
because these nervt s could give llu-m no intimation tiiat 
contact had taken place with an external object ; again. 
We have ail experkneed that unta rtainly of gait which 
arist-.s from the foot being asleep,” the eausit of which 
is that we are not con.scious of the foot being in contm-t 
with tlie ground. In tin; same manner an affection of the 
sensory m rves of the tongue will oceasio!i uncertainty in 
speech, because no intimation is given of its contact 
with the dillereut parts of fh** moutlwTor instance, with 
the teeth in the pronunciation of (, by wliicli means 
alone pti^fect speech can bf- pwdviced. 

The jiervt's, seinsory ,a*s well as motor, uf tlie organ.*< 
of s{wech, may he divided into two well-ilelined groups, 
separated from each other by tlie narrow o|Kning be- 
tween the pillars of the soft palate Uhi- isthmus of the 
faiiccfy. ^Ihe anterior group consists of four nerves, the 
(trif/fmhuiit), uhin forif, Jnetul, and inferinr vttijril- 
hint ; the po.sterior group, on th« contrary, is composed 
of four nerves, which are so intimatfdy connected as to 
almost constitute a single nerve : they are the pnemmj- 
f/a^tric (Kerens nujusn, the spinal ncd'Mmrif, the ghmti phar- 
ynyeal, and the h’/poylogml. 

Of the anterior group, the olfuctorjf and tri/acuil are 
sensory nerves ; the fucUtl and itt/erhr mcuilhry motor- 
nerves. 
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The al/uetorjf nerve is disti;ihuted to the chamber of 
anicll in the nasal cavity, and producea the aensation of 
Binell. • 

The irifadal nerve is the common sensory nerve for 
the intef'ument jiud mucous m Anbranes of the face ; it 
Ifiives the cranial cavity where it arises from the brain in 
three brauelies, whence its name — tri;ft;minu3. The first 
brnneh passes throuj'h the orbit to the integument of 
the foreliead, and to tlio outer and inr.er surface of the 
dorsum of the nose. The second branch is distributed 
upem the superior maxillary bone in the integument of 
the face between the ej’es and the mouth ; internally it 
supplies the mucous membrane of the air-passage of the 
nasal cavity, and tlic raucous membrane of the hard 
and soft palate. The third branch is distributed upon 
the lower jaw. and supplies the integument of the face 
below the orifice of the mouth ; internally it supplies 
tlui luueous meiobrj[ine of the cheeks and the floor of 
the cavity of tha mouth with the tongue ; in the 
liindermost part of the -tongue, however, the ^losso- 
phartptgeal, of the posterior gr<fiip, appeal’s as the nerve 
of taste (gustatory nerve). 

The injerior tna-rillan/ is the motor-nerve for the so- 
called muscles of mastication, and for the oral diapliragm 
uith the anterior belly of the digastric muscle^ ■ , 

The/aciVif nerve produces the activity of the ^kscles 
of the integument of the face, especially therefore of the 
muscles of the nose and mouth. 

The nerves, the combination of which forms the pos- 
terior group, are distributed on either side of the pncawio- 
<lii4trk, which acts as sensory nerve to the mucous 
membrane of the pharynx, larynx, oesophagus, and wind- 
pipe ; in the pharynx it is supplemented by the glmor 
pharyngeal, part of which also enters the tongue as a 
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gustatorv norvo. T*tu-t of tlio spinal blenila 

with both notvos as a luotor-uervo, its othor parts boing 
distributi’il to the region of the neck. This intermixture 
gives rise to those motor-nerve branches which Ujc 
p>u'Hmo‘i<iittric supplies t6 the muscles of the phtiryn.v 
ami larynx. 

The hypoglossal is tlie motor-nerve for the muscles 
of the tongue and of the iiyoid bone. 
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CHAPTER II. 

THE JIELATIOS BETWEEN THE ORGASE OF SPEECH AND 
THE FORMATION OF SOUND. 

lJxi:.Sl!AI. FoKMS of THE ResPIUATOKY MeCHANISM. 

The most important condition for perfect and normal 
speech is a p<‘rfect and undisturbed action of the respi- 
ratory mechanism ; that is to say, a quick inspiration 
should follow, with the greatest possible regularity, a long 
easy expiration. It seems right, therefore, to devote a 
few words to llittic di.sturbanceB of the respiratory 
mechanism, whicU either destroy perfect speech or 
render the exercise of it iinjajssible for the We 

cannot, of course, here allu<ll; to those disturbances 
which owe their existence to serious diseases, such as ' 
heart-complaint, hydro-thorax, etc., but can only 
mention those xvhich ap})ear as passing disturbances of 
an otherwise perfect respiratory mechanism, ^ince, 
therefore, in these cases, the condition of the mecb^ioal 
apparatus is perfect, they will only be consit%red in 
connection with the form and manner in which it is 
employed. The employment of the respiratory apparatus 
is, however, synonymous with the application of its 
proper muscular activity. But since the irritation of 
muscles must always proceed from their motor-nerves, 
it follows that all these disturbances must be referred to 
unusual or abnormal exoitation of the nerves then in 
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action, whether such a comlition of excitation has arispn 
voluntarily or from unforeseen circumstauecs. 

The disturbances in otiostion naturally fall into two 
divisions, in the <>ne of which inspiration, in the other 
expiration, if not alone, yet certainly' in a f;reat measure 
alone, jtssmnes an unusual form. 

As tlisturbanees of the normal f(»rm of inspiration, 
we have the phenomena which are known as — 

Hiccough. 

(raping, and 
Stammering. 

Of these forms the simplest is the ItU-foioih. which is 

merely jiroduced by violent insjaration. arising from a 

convulsive contraction of the diaphragm. The ensuing 

expiration then takes jilace ijuictly. The insjared air 

can. moreover, enter principally either thrtmgh the month 

or the nose, or through both equally, and in each case 

the accompanying noise is different., A contraction of 

the glottis may also take place at the same time, and in 

thi.s case the entering stream of air creates in pas.siug 

throngh thd vocal chords a sharp clear tone. In any case 

the hiccough arises fnan over-irritati on of the nerve.s of 

the diaphragm, the cause of \vhi<‘h we know to he eithiyr 

psychical conditions or ovt rfilling of the stomach. The 

inflmmce of the latter is undonbte<llv due to the fact that 
• * 

the.o" rladen stomach resists to a greater <>r less extent 
the fall of the diaphragm ; the contractiona of the dia- 
phragm iK-corae, therefore, necessarily more htlMiircd, 
and occasionally, like other over-irritated imiKcles, a.s- 
sumo a convulsive character. Frequently, however, 
the hiccough appcairs as a .sign of the general over-irrita- 
tion of the nervous system in hysteria, and, probably from 
the same reason, it may not uncommonly be ol>served in 
otherwise healthy young persona, particularly children. 
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Tlte above explanation of hiccough as a convulsive con- 
traction of the diaphragm is 'further confirmed by the 
manner in which it may be stqpped. It is, namely, only 
necessary to allow an exceedingly protracted and, tinall3% 
forcible expiration to follow a long an«i quiet inspiration. 
'I’he slow inspiration, especially when it is chiefly per- 
formed b}' the wall of the chest, prevents the phrenic 
nerve from being too powerfully" irritated, while the long 
expiration gives the phrenic nerve time to recover from 
its over-irritation. A single trial of this remedy will 
often stop a troublesome attack of hiccough. 

(Japing also arises from a convulsive form of inspira- 
tion, which, however, is not so short and violent as in 
the hiccough. In the latter, moreover, those muscles 
which raise the wall of the chest are at once brought into 
prominent action, while further a rapid contraction of 
the diaphragm is necessary before the climax can be 
reached, after wliif li a somewhat rapid fall of the thorax 
produces, a quick e;cpiration. The important part which 
is played by the rise of the chest is particularly shown 
by the fact that in very violent gaping the h*ead. is 
thrown backward, and the shoulders raised, in addition ' 
which even the arms are sometimes stretched upwards. 
During the gaping inspiratory process the month is 
opened spasmodically, the external pterygoid nyiscle 
and the group of the muscles of the hyoid bone vo wing 
the lower from the upper jaw ; at the same time the soft 
palate is spasmodically raised and closes the air-passage 
of the nose. The whole phenomenon seems an in^cation 
of strong desire for air, and the existence of this desire 
under those circumstances in which gaping is generally 
observed — sleepiness, for instance, or weariness— -may be 
perfectly! explained follows : such ciroumstanees are 
accompanied by a g«aenU inactivity of nervous 
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* • • * 
systt'm, which shows itself in a weak rtjspiratory action, 

insufficient for the body when awake, so that after a 

time a more or less marked desire for air must arise, the 

douiaud for which is announci'd by gajiing. 

The root of tl.ut defect in speaking which we call 
stitmmt'rirnt lies also in spasmodic inspiration, and so 
resembles the hiccough, that hero, as in the latter, tht; 
diaphragm is subject to spasinotlic contraction. WJiile. 
h.nvever. in the hiccough a short convulsive spasm causes 
a short violent inspiration, aftt!r which expiration j>roccoda 
with perfect frecilom, in stammering a long contraetile 
spasm of tile diapliragm takes place, which as long as it 
eontimu s prevents exj>iration. As, how<'Ver, the possibility 
of speech depends up(»n the existence of this issuing 
stream of air, it is imjiossilde for a person sufl'ering from 
such a spasm to produce any sound. This ineffectual 
and therefore exaggerated effort even in this case to create 
some sound with the aid of the organs of the mouth and 
throat, gives rise to distresseil grimaces, and this dis- 
tressed expression must iioeessariiy he augintuited by the 
fact that, 1)}- so delaying expiratiou, a want of breath is 
felt and the circulation of tlm bloo«l intcrruid* d. When 
at length the spasm ceases and is followetl hy a quick 
expiration, this ui>peurance entiredy disappears, and the 
natujral condition is restored till again destroyed hy a 
fr^-shr^sf a§m. This phtitomemm, ns far as it is connected 
with a defect in speech, we are accustomed to call 
stammering. 'J’he defect in speech is, liowever, a phe- 
nomenon which only at times accompanies the spasm in 
tlie diaphragm, being due to an attempt to speak dunng 
the spasm. There may lie no attempt to speak, and 
yet the cause of the phenomenon (the spasm in the 
diaphragm) may be experienced ; in this ca§e it will 
not cause stammering, but will cither, if th(*ro is just 
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tli^n no occaBion for Bpeaking, be quito imperceptible 
to the observer, or, if the persons affected 'give up the 
ineffectual effort to produce a sound, only appear as an 
inability to speak. It is well knov’n that great physical 
excitement — as, for example, * surprise — will occasion 
attaclw of stammering, and the same cause will in certain 
persons give rise to a passing inability to speak. If, now, 
us appears from the above, stammering is only an 
occasionally observed symiitom of a long contractile 
spasm in the diaphragm, it must be clear that all 
attempts to cure stammering by exercising the organs of 
the mouth and throat must be unsuccessful, and that 
this defect can only be efficiently treated by following 
those rules which were given above for the treatment of 
hiccough. A quiet, unhurried inspiration must be followed 
bj' an expiration as slow and long as possible, the 
issuing stream being either emidoyed in speech or not. 
In this manner tlui.motor-neiyes of the diaphragm can 
most effectually recpver from their state of over-irritation 
and return to their normal .coiidition. We must,_„more- 
over, bo careful not to fall into the commrdn error of 
confounding stutterinff with stammerinff. In stnttering, 
the process of breathing is quite normal, and the de- 
fective speech only arises from inaptitude in the formation 
of sound ; this defect in speech is, therefore, peculiar to 
children, idiots, and persons suffering from apoplea^^ . 

As an abnormal form of expiration, we might mention 
in the first place obstruction of expiration. This, how- 
ever, is not quite correct, for there is a kind of obstruction 
of expiration wliieh is intentionally produced by entirely 
closing the glottis, the effect of which is, either to 
influence the abdominal viscera by means of the depressed 
diaphragm, as in straining, or, by bracing up the chest 
for labour requiring great exertion— as, for instant/ 
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lifting a weight — to afford oertaiu muscles a firmer baiis 
for operation ; this kind of obstruction does not, however, 
concern us lu re. There -is another kind, again, which 
is caused by a long contractile spasm in the diaphragm, 
and tiii-s being only a secondary peculiarity of a defective 
inspiration, has already been described. The altered 
forms of expiration which really belong to our subject 
are — 

Sneezing. 

Coughing, 

Laughing, and 
Sighing. 

Of these, the simplist is that which attracts our 
attention as snri :inii. .Tu.st as the hiccough depends 
upon a single violent .spasm during ins{>iration, so the 
sncf-ze is due to a single vitdent spasm during expiration, 
generally of the abdominal museles, but when very violent 
of the other exjdratory muecles also.. *11 is a retlex action 
which occurs after an irritatimi of tlio mucous membrane 
of tlOiair-passages of the hose. few slight contractions 
of the alnlt)minal mus<.^«‘s are at first .suppressed hy 
.some sliort insjtiratiuns rapidly following each other 
without any intt rvening expirations ; then, however, 
folIow.> a vigorous contraction of th*- abdominal museles, 
hv means of which the .stream of air i.H violentlv driven 
(Xtit tiUough the mouth ami n<>se. In it.s passage through 
the nose the air produces a well-known noise, which 
may, however, he comurcted with a sound produced in 
the vocal chords. We recognize the same peculiarity, 
though the action is voluntarily and less violently per- 
fonned in “ blowing the nose.” 

Onifjhiti'j arid lautjh'm^ are also due to a spasmodic 
contraction of tli') expiratory muscles, generally of the 
abdominal muscles, and only in violent cases are the other 
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expiratory muscles contracted. They differ from sneez- 
ing only in this respect that, while in the latter the act 
of expiration is accomplished hy a single violent action, it 
is here characterized by a number of separate impulses 
of the expiratory muscles with small intervening pauses. 
In long-continued coughing or laugliing, short inspira- 
tions; which, on account of their shortness and violence, 
often approach the verge of hiccoughing, are taken be- 
tween the separate expirations modified as described 
above. Coughing most closely resembles sneezing, not only 
as regards its origin, but also as regards its execution. It 
is, for instance, a reflex action which follows an irritation 
of the air-passages, particularly of the windpipe and the 
larynx, but also of the pharynx and the nasal' cavity. 
The accompanying expiratory impulses may attain great 
violence, so as in this resi>ect to resemble the single 
impulse of sneezing. While, however, in sneezing, the 
stream of air t'seapes, as a iule, through the nose, in 
coughing it escapes through the cavity of the mouth, 
which is separated by thb raid'd soft palate fram the 
nasal cavity, and enlarged by dropping the lower jaw , 
and by the dejiression of the floor of the cavity, the tongue 
at the same time being pushed forw^ard. The stream of 
air, in its pa-ssage through the mouth, merely produces 
a breathing sound, xvhich, however, is generally aefeom- 
pauied by a sound, shrill or deep as the case inay be, 
produced by the vocal chords, the glottis being as a rule 
spasmodically contracted. Performed voluntarily and 
with less violence, cougliing assumes the form known to 
us as “ clearing the throat.” In laughing, the separate 
expiratory impulses are not so violent, and the stream 
of air passes either through the fairly open mouth, or, 
when the mouth is shut, through the nose. The stream 
of air produced by laughing is heard merely as a breath- 
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ing or blowing noise; this., however, may bo accompanied 
by a sound, oitlior high or low, loud or weak, originating 
in the vocal chords. In the latter case, the stream of 
air which from tiuu) to time is quickly inspired during 
prolonged laughter, as js also the case in coughing, 
may i>roduce a clear, shrill tone in that organ which is 
spooialiy adapted for tones, namely, in the glottis. 

Coniu cted with coughing and laughing on account 
of a similar disturbiinoo of the breathing apparatus, is 
Ahihino. In the latter, the air contained in tljc lungs is, 
in a single act of expii'ation, either at once or with several 
consecutive elTorts hastily expelled, and escapes either 
through the mouth or m>se. The breathing noise which 
is thus produced is often aecompanicvl hy a shrill tone 
originating in the vocal chords, in which, on its passage 
througli the nasal cavity, nasal resonance can be dis- 
tinctly recognized. Considt red more closely, a material 
difference maybe ohserv'od between-the.se two kinds of 
sighing. The isolated sigh which appears as a single 
act of /wpiration is to ho aUributed less to the tictiritjf of 
the expiratory muscles tliau to a sudden cessation of that 
muscular activity, which, as has been already .shown, 
regulates, by retarding, the issuing .stream of air ; the 
elastic force.s of expiration assume, therefore, absolute 
powot, aigl dx'ive out the air with greater rapidity. When 
the !ff0i in rc*peated hy tits in single expiratory acts, as 
happens, for instance, in violent crying, the stream of 
air is, on the contrary, driven out l>y small, weak mus- 
cular impulse.H, so that, as far as mechanism is coneorned. 
there is a considerable resemblance with laughing and 
coughing, which accounts for the fact that it is often 
ditlicult with a ciy-ing child, when it is beginning, to be 
comforted, to decide whether it is still sighing or 
beginning to ^augh. This similarity becomes still more 



ABNORMAL FORMS OF RESPffiAtlON. 181 

!?triking, when wo find that if this bind of sighing is 
continued for any length of time, it w^ill b*e interrupted 
by short inspirations, which slicws a similarity to sobbing. 

Those disturbances of the respiratory mechanism, 
which impede or prevent the ptoper use of the stream of 
air for speocli, are therefore either ’disturbances of the 
normal form of inspiration, or of the normal form of 
expiration. 

The disturbances of iMpimtion nre the hiceough, 
gaping, and stammering. The disturbance 

In the case of the hiccough is — a single violent 
spasm of the diaphragm. 

In the case of gaping — a slighter spasmodic activity 
of the muscles of the chest and diai>hragm. 

In the ease of stammering — a more prolonged spasm 
of the diaphragm. 

Tlie disturbances of expiration are sneezing, coughing, 
laughing, and sigbyig. The /listurbance 

In the case of aneezing is — a single violent contraction 
of the expiratory mufiele.s. 

In the case of coughing aild laughing — a reflation 
of a single act of expiration into a series of morS* 
or less violent expiratory impulses. 

In the case of sighing — similar resolution of a single 
act of expiration into very slight impulses, pr the 
undisturbed action of the force of elast^ty set- 
ing during expiration. 

The Bespibaxoby Noises. 

It is well known that a current of air, in passing 
through a tube or over an edge, will produce a kind of 
sound, which, if the vibrations of the air, or of the body 
set in motion by the current of air, are rhythmically 
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regular, is called a tone (in the musical sense) ; if, honr- 
ever, the vibration is not’ rhythmical, tlie intervals of 
time between the separate waves being iiTogular, the 
result is termed a noise. 

We should ass\nue lK>forehand that the breath, in 
passing through tlie air-passages, would produce sucli 
kiiuls of tone and noise, as its coursii lies partly 
tlmnigli more or less elastic tubes, partly across 
variously constructed prominent edges. And, in fact, it 
does so to a great extent, though we find, further, that 
the noises gi-eatly predominate, because the conditions 
for the production of musical sound are mucli more 
restricted. 

In ijuiet breathing no such noises are perceptilile. 
This, however, is at once explained by the fact that loud 
anvi perceptible noises can only be produced by a strong 
or rapid current of air, whether the latter be strong 
throughout, or only locally so fnujv-the necessity of 
forcing itself through a uarn>w opeiyng. In ordinary 
<jniet l>r( athing, however, gentji! and slow currents (»f air 
pass through sulficientiy wide spaces, and thus leave 
•the conditions for tlie formation of a noise unfulfilled. 
Nevertheless, the current of breath iloes not jmss quite 
noiselessly through the air-passages, and of this we 
may easily convince ourselves by placing the ear or the 
stethoia^)p'c upon projier parts of the body. By these 
means, even in the quietest breathing, the current of air 
can be heard entering and returning through the nasal 
orifices, the larynx, and the windpipe ; and by placing 
them upon the chest, the noise of the passing cuiTent 
can be lie-ard in the ramifications of the bronchial tubes 
in the lungs. It is this fact which has given rise to the 
use of the stethoscope by the {ihysician. The fonn and 
the mobility of the spaces through which this current 
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passes must necessarily give the distinctive character to 
the noise, and thus it is possible to decide, from the 
character of the noise, the form and mobility of the 
spaces in question ; and thus the phj^sician is able to 
form an opinion, from the respiratory noise which the 
stethoscope enables him to hear, upon the healthy state 
of the lungs, or to detect a state of disease, such as 
obstructions, accumulation of mucus, cavities in the 
lungs, etc. 

Now, although it is perfectly true that the process of 
breathing is generally accomplished in a manner imper- 
ceptible to those standing near, j’et it often happens that 
a person in the vicinity will perceive it to be accom- 
panied by very audible noises. Even the hurried 
breathing of a person who is excited or out of breath 
gives rise to a blowing sound of greater or less intensity, 
which we are necustomed to call “i>anting.'’ A con- 
tinued contraction of the air-passages may also cause 
the proees.s of bivalhing to be always accompanied by a 
more or less perceptible ^nd of noise, as, for example, 
the local contraction of the windpipe by . bronfehocele. 
A similar effect is also produced by a passing obstructioiu. 
of the orifices of the air-passages, such as, for instance, 
is caused hy an accumulation of mucus in the nose or 
larynx. 

Similar effects may also be observed when.'figjirf some 
passing change in the shape of the cavity, the course of 
the air in quiet breathing is interrupted. The most 
generally known and, at the same time, the most in- 
teresting forms of this species of noise, are snoring and 
groaning. 

Snoring is a peculiar noise which is generally ob- 
served to accompany inspiration as well as expiration, 
particularly in sleep. The conditions necessary for 
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its production tire that the breath should be dra^B 
through the mouth with the soft palate and tongue in a 
given position. Tim soft palate, namely, must be drawn 
or have fallen hack in sucli a manner that the po.sterior 
entranoe to the lursal euvnty, if not altogether closed, is 
at least obstructt d’; the po.sterior and middle divisions 
of the tongue are at the same time drawn or have fallen 
bade so fjir that there only remain.^ a narrow opening 
between it and the soft palate. It is by the air being 
forcetl through this opening that the noise is produced. 
Similar nui.ses art‘ al.so produced when, with a clo.std 
mouth, the air is forced between the .soft palate, which 
has lx;en drawn or Ini.s fallen hack, and the posttrrior 
wall of the pharynx into tlie nasal cavity. It i.s worthy 
of remark that with a .strong current of air, perhaps 
accompanied by the corr< sponding position of the .soft 
palate, a rattling noise may bo heard ifi addition to the 
suoriiig, which has its origin in a vibration of the soft 
palate. 

Grotvittifi i.s a noise which is produced when, after 
the laiSTix has been penfectiy clo.sed by bringing tho 
-vocal chord.s and the arytenoid cartilagi s intif contact 
(whether spasmodically or as a voluiilary action with 
the object of holding the breath), tlic cuiTeut of air, 
whielt ha.s i!i this rnmnu r been interrupted, is suddenly 
resume4- ' The noise thus produced consi-sts of two 
eleim nt.s, which we must be careful to di,stinguish. The 
fust, namely, is a clicking sound, and the other an 
e-xplosivc .sound, somewhat re8<;mbluig a slight report. 
Into the origin of the latter element wc need not here 
inquire. The “ r* port” with which the sudden expansion 
of a coinprestied mass of air is connected has long been 
a well-known pin nomenon. The former, however, the 
clicking eleuunl, we must discuss more closely. When 
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twp contiguous bodies are suddenly separated, the outer 
air will rush in from all sides lio fill up thfi space thus 
j>roduced between the two bodies. In dry bodies, %vhich 
eveu when in contact always leave a small intermediary 
space through wliich the air inny pasfe, this separation 
may be accomplished without any percei>tiblo sound. It 
is difit rent, however, in objects which, united by a slightly 
fluid substance, exhibit a strong mutual adhesion, or, 
if we may use the term, attachment ; in this case the 
adhesion will resist the separating force till the latter 
has become strong enough to overcome it. The moment 
the adhesion ceases, the separation, on account of the 
greater force employed, takes place so suddenly that 
the air rushes in from all sides with such rapidity that 
tlie masses of air thus brought into collision strike 
against each other with a clear tone. Thus if the 
tongue, wliich has previously been pressed against the 
hard palate, is re|,eased from this position, 

a very loud tone <jf this description is produced, which 
is commonly called “ clicking.” A similar tone may 
be observed upon a sudden separation of -the ftps, if 
they have been moistened and tightly pressed together, • 
and eveu the fiuger-tips, if moistened, will upon separa- 
tion give rise to a similar somid. We cannot be 
mistaken, therefore, in saying that a sadden remoyal of 
the arytenoid caiiilage and the vocal choM^ot ibe 
one side from the corresponding parts of the other 
side must also be connected with a similar clicking 
sound, as all the conditions for its production are 
present. In the /;roan, therefore, we recognize a noise 
which is composed of an explosive noise and a clicking 
noise. It cannot, however, bo denied that the latter 
clement plays but a very small part in the noi^ of 
groaning, and that it can scarcely he bsperupentally 
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liemonstrattHl. it api)onro»l, however, not to ho without 
interest to om}>li)y this hppurtimity to show that tho 
peculiarities of the expkyive souiui wliich can ho pro- 
duced by tho organs of speech not only correspond with 
the report of a pAp-eruu^ hut also comprise the clicking 
element dosorihid above. 

It should further he remarked, in connection with 
what has hoen said aWve, that tlifferent noises arc found 
to aeeompany the mo<liticati»>ns id the respiratory mecha- 
nism tsiieezing, coughing, hiccough, etc.) discu.sse«l in a 
previous Section. As, however, tlu-y arc connected with 
other than the normal relatiiuis of the respiratory move- 
ments, tlii y cajvnot he t:ik»;zi into consideration here. 

Wo have in tiiis section heeome acijuaiuteil with 
three sjx'cies <>f noise produced by the organs of speech : 
panting, snoring, and groauizig. 'I'he subject is one 
of great interest, inasmuch us we lind anch to zirise in tr 
different miuiznr. 

• • • 

In panting, a rapid current of air passes through the 
open air-pzissages. • 

Iii'snorizig, the current of jiir f*>rces its way thi'ozzgh 
a loizg, miriow op.-nizig, and eaus< s, uiitler cezdaitz con- 
ditioizs, sncli a vibration of the walls as to give rise to a 
series of low, rattlirzg, explosive sounds. 

In groaziing, the noist: is prcnluced by the sudden 
reloase«<>P a hitherto confizu'd cnrrcizt of air. 

Thn.H we have become aojuftiizied with three typical 
fonus of noi.»e, and also with a .secondary forizi. If we 
loi)k znnre closely we shall find that these are the only 
possible hindaznental forms of noi.se in the air-pzissages, 
and that it is possible voluntarily to call forth the con- 
ditions necessazy for their production. Therefore, again, 
noises, developed from the.s*; three fundaniontfil forma, 
are employed" us articulate sounds, and we shall see 
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presently that the whole group of the so-called conso- 
Jiauts origiuate in tiiis manner.* 


The Fobmation op Tone the lim-PASSAOEB. 

The above considerations will have* convinced us that 
the respiratory i)roee8s may give rise to a variety of 
noises, and we shall have further obtained an intimation 
that a certain class of these noises, volunlarily produced, 
may be the basis of the formation of articulate sounds. 
In articulate sounds we find, moreover, a second, very 
important element, which is characteristic of audible 
speech, namely, tone, in a musical sense. We have still, 
therefore, to discover under what conditions the latter 
can be produced in the air-passages. 

The only condition which we could expect to meet 
with in the air-passages is the escape of the air through 
a narrow opening, furnished^ with elastic walls. Now, 
this condition we /md is really fulfilled at four points. 
Commencing posteriorly, we may enumerate the possible 
formation of such fissures as fidlows : — * 

Between the vocal chords of the larynx. 

Between the soft palate and the root of the tongue. 

Between the apex of the tongue and the upper row of 
teeth. 

Between the two lips. * • * 

Of Uie.se four possible formations, that existing be- 
tween the soft x)a]atc and the root of the tongue is scarcely 
worthy of consideration, for the yielding soft palate is 
not capable of forming an opening the edges of which 
are as sharply defined as those necessary for the pro- 
duction of a pure musical sound. A fissure at this 
ix)iut may, indeed, produce vibrations of the soft palate» 
but on aceoaut of the sise and want of eh^Uoity of the 
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soft palate they uro nt cessarily atnpU? and irrognlar, and 
thus only produoi- that burring rattling noise which wo 
rocogniKO as an element of snoring. 

The sound produced by the t'lssuro between the apex 
of the tongue and the iileisor teeth of tho upjH*r jaw i.s 
purer and more- distinct, and furnishes sounds of un- 
deniable musical value. To jjroduce these, the anterior 
portion of the tongue, formed into a groove in the 
midille, must be brought into contact with the anterior 
I'ortion of tin- hard palate in such a manner that the 
point of the tongue lightly covers the entire po.sterior 
surfaee of the incisors to their free cxtivmity. The 
expelled air thus passes, following the furrow on the 
hack of the tongue, through the lissur<’ between the tip 
of the tongue and the free extremity of tlie^ teeth, and a 
whistling sound is produced, which hi conu s higher 
when tlie tongue is pressed flatter towards the roof of 
the mouth, and lower when, by meajif <if a deep furrow 
along the back e-f the longue, the eantre line of tho 
tongue is <lepres.-.e<l, thougli at the same time the lateral 
edges must- remain in contact with the palate. This 
tone, liowever, t xercises hut little influence on the for- 
mation of speech, because it never attains any power, 
and also, ns we shall |>rersently see, because ibs jiosition 
is too forward. It is only employtd in ‘' hissing,’’ though 
also sometimes in a low whistle. 

Tlii- tone formed by the lips owes its origin to the 
projection of both liiis, the lateral portions being at the 
same time ]>ressed together, no that the air is forced 
through tlu; middle portion of the lips which have thu.s 
been brought into slight contact. In thi.s manner a 
wiiistling sound is }>roducetl, which becoint-s higher if 
the lower jaw is sliglitly dropped and the tongue raised; 
lower, on the contrary, when the jaw is dropped still 
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nior<? and the tongue depressed. Here, again, as in the 
previous case, the current of* air is led Wy a kind of 
furrow along the hack of thij tongue directly to the 
lissurc which is to produce the sound. It is well knowTi 
that the whistling sound created in this manner may 
attain very cousideruhlo .strength, and* is also capable of 
a fair amount of modilication as regards height and 
depth. However, this form is unada|>ted for speech, 
heeause, being produced so far forward, it cannot easily 
combine with otlier speech-sounds, and because, from 
the same reason, it cannot combine with noises, which, 
as w(! shall pre.sently .show, is of great importance in 
the formation of articulate sounds. We all know how 
well, on the contrary-, this kind of whistle is adapted 
to act as a signal, and often assumes the character of 
a .small musical performance. 

t )f the four ahove-mentioned possible methods of pro- 
ducing tone, wo lioi'p now'^ only to consider the last, that, 
namely, by the ronil chordi of the hinfn.r, tbe only one 
which i.s adapted for the formation of articulate sounds. 
Although it will require sjiecisii demonstration to show 
how the tones produced hy the larpix take part in the- 
formation of articulate soxmds, yet a few words are 
necessary here, if only to explain why the several kinds 
of true musical tones just discussed cannot be included 
in the elements of speech. A tone, the oi'igin <Jf avllioh is 
very forward, is capable of no other modification than 
that of pitch given in its production. A tone, on the 
contrary, which is produced far back in the air-passages, 
such as the tone produced by the lor^mx, is capable of 
considerable modification by tbe resonance of the secon- 
dary cavities of the mouth and nose, and has also tiie 
power, while the current of air upon ^hich it is carried 
is passing through the mouth, of minglmg with the 
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different noises wliieh may be created in the latter, and 
both these projn rties prove to be important elements in 
the formation of the serins of sounds which arc employed 
in speech. 


Tiik Lahynx as ax Aitaratcs fou raoni’Ciso Toxt:. 

Turning our attention again to the minute anatomical 
doscri 2 >tiun of the larynx which lias been given in a pre- 
vious section, we must now diseover how fur it may be 
regar.led ;is an apparatus b>r producing tune, or, if we 
prefer the expression, as a musical instrmutait. 

In this respect the most imjiortant part of the larynx 
is formed l/v the roe.i/ /./iiNs, which, coiivt rging ni>ward 
in a concave form, cause a local contracti<>n t»f tlie iipjicr 
jnirt of the windjiijie ; they terminate in edges which pa.s,s 
horizontally from heforc backwards, and are called the 
vtM'iil thi>rd.<. Their outer, surface is.oovereii in such a 
manner hy the thyro-arytenoid musch-.and cellular tissue, 
that the mucous memlintne which lines the wnidpipe 
pa3.ses outwards in a horizontal directinn abovi' tbe vocal 
“Chords, as far as the latter are coiicerm d in the pro- 
duction of tone. 'I'he fissure lying hetween the vocal 
chords fthe iiU>(tU) is, therefore, really formed hy two 
protulieranei s [trojeeting on either side, which in a vertical 
cross-sootiun present a triangular ajijiearanc**, and are 
so .situated, with their sharp edges in juxtn{n>sition, ns 
to enclose between them the glottis (cf. Fig. 2 1). From 
below, till reforc, the entrance to the glottis presents the 
aiipearance of a wedge ; from above, on the contrary, 
that of a fissure in a level surface. The aliove only 
refers to that jiortion of the cfdgcs of the vocal plates 
which is really employed in the production of tone, to the 
larger anterior division, namely ; for tbe smaller posterior 
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division into wliicb the arytenoid cartilages are inserted 
is not fro«*, but is attached as a border of Ihe so-called 
ifliittis n'npimUtrm to the vertical lateral walls of the 
superior cavity of the larynx. This difference vsill be at 
once understood by a glance at the internal wall of the 
larynx. We shall there see, namely, that above the 
line which marks the eJge of the vocal j>late, in the pos- 
terior portion the wall rises smoothly U2)wards, whilst 
in front a deep imlentation of the lateral wall (the ven- 
tricles of Morgagni) leaves the edge of the vocal plate 
Ijerfcctly free. 

The substance of the vocal plates is a strong elastic 
tisue, which may be most aptly compared with india- 
rubl>er, and is therefore ijeculiarly well adapted for being 
thrown into vibration by a passing current of air. The 
vocal plates may on this account alone be compared 
to the reeds of certain musical instruments, which from 
this fundamental TKtculiarity are sometimes called ‘‘reed- 
instruments.’’ Tbt're is, however, an imiwrtaut difference 
in these reed-instruments '.vhreh w-e must not pass over. 
The reeds (free vibrators) of The instraments used in 
music are, namely, thin strips of metal or wood, which,’' 
attached merely by a narrow edge, execute oscillations 
like those of a pendulum, in which the point of attach- 
ment may be compnrwl to that of the pendulum. ,,With 
such reeds the vocal chords cannot be compared^ as they 
differ from them both in material and arrangement. 
Their material is a soft, elastic membrane, the elasticity 
of which has no power to assert itself ; and in this it 
differs from the strip of wood or metal, if it is only 
attached at one end. A membrane of this kind can only 
become elastic, and be employed for the production of 
tone, when it is stretched between at’least two points. 
Stretched membranes of this kind are_ not employed 
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ill musical instruments; though ivo meet with therajn 
childrcu's musioal toys, when tfiey are blown ui)on at 
the oilge that is paralkj to their surface. Another 
instance is the tone protluced by blowing upon a leaf or 
blade of grass hold between the lips. Such stretched 
membranous plates have, tigaiji, more rosembhince to a 
stretched string, as they vibrato throughout their entire 
length between two opposite points ; we might almo.st 
describe them as membranous strings, aud compare their 
tones, as far as principle is concerned, to the .dioliau 
harp. 

The pendular oscillation of a free point characterizes 
the reed of a musical instrument. If ive wish to imitate 
these i)eculiaritios in a membranous material, we can 
only do so by fastening an elastic membrane under the 
necessary tension in such a manner that it shall only 
offer utu' free edge ; as, for example, when stretched over 
the half of the opening of a tube, , AVhon blown upon 
at right angles to the surface of the membrane, the free 
edge will perform vihrutifjns. the plane of which lies 
at right angles to the pluiio of the memhrane, and thus 
far resemble the vibrations of a reed. To what extent the 
free edge thu.s attached at either end will at the same 
time perform vibratibns like those of a stretched string, 
need not hei‘e he discussed. On account of their simi- 
larity to a' reed, membranes when arranged in the above 
manner are generally termed int'mhntHom reals. 

The best way to cou.struct such membranous reeds 
i.s to place two membranes of this kind opposite each 
other in .such a manner that their free edges shall 
almost touch ; a stream of air driven through the narrow 
slit thus formed will consequently strike the two mem*' 
branes simultaneously. For the production of a pure 
tone we need scarcely say that it is necessary that the 
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raptorial and tension of the two membranes should be 
perfectly similar. Now, the* vocal appai'atus of the 
larynx consists of two membrnnous reeds attached in the 
manner described above. It may on this accoimt bo 
successfully imitated in two *ways. ‘ Firstly, we may 
so close the opening of a tube with two sheets of india- 
rubber, the free edges of which lie opposite to each other, 
so that the slit thus formed between them, which is to 
represent the glottis, lies across the dii> meter of the 
mouth of the tube. Secondly, a thin and tolerably 
wide indiarubber tubing may be drawm over an open 
wooden tube, so that about 2-3 cm. (‘78-l’17 inch) of the 
indiarubber tube may extend bej'ond the wooden one ; 
by gently stretching two diametrically oijposite points 
of the free circumference of the indiarubber tube the 
latter is drawn into a long narrow opening. The second 
kind of imitation, from its representation of the wedge- 
shaped entrance tp^the tone-producing slit, is the more 
accurate ; the fornjer is, on the contrary, better adapted 
in every way for experiments uii)on the laws of the forma- 
tion of sound by such membranous reeds. 

Musical instruments in which durability and precision • 
of tone are required cannot, of course, be prepared from 
such sheets of indiarubber, or indeed from any kind of 
elastic membranes. Instruments constructed upoiq the 
reed principle are, therefore, provided with flw more 
durable and reliable reeds of metal or wood. Still, how- 
ever, the elastic membranous reeds offer an advantage 
which can never be attained by metal or any kind of 
rigid reed. Eveiy metal, namely, can only produce one 
tone, and therefore a reed-instrument must be provided 
with as many reeds as the number of tones to be 
produced by the whole instrument, ’ kn arrangement 
which may be seen at any time in an haniioniui]i. With 

o 
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a singlo pair of tiuoh inonibraiious clastic ree«ls a grpat 
number of tones may, on the contrary, be prodiiciil, ns 
greater tensioti will occai^ivui higher tones, less teiisioji 
lower tones. -Vs, th«. reture, the v<>cul plate's i>f the hiryiix 
are sueh a pair <'t' lut tubiinu'US elastic rectl.s, they pe>sse*ss 
the Utlvaniage- of bciiig able alone- tt> protluce a relatively 
large lunnb. i s of t >iu s reguhiteil merely by the *legrec 
v»f tiiisiun iiito which they are brought by nmscular 
activity. Tic- ci'nipass of the scale which the; larynx is 
eapable of pr>Hlucing is gi ju rally eon.siilerctl to eeUisi.st 
of from t'.Vi) to two aiul a half <.)ctavt s ; more praetiscU 
iniUvidiials may increase it : highly e<l«cati tl singers, 
indeeJ. will som. times have a c<tmp;i>s of fr>)m two and 
a half t ■ three octave.s ; and the celebrated singer ('atalini 
is .said to have havl at her ct>mntaiivl a couipass of more 
than three .and a half octaves. 

Now. in old; r that the tone-pro/lncing current of air 
may have sutlicii nt inflnepce np- n edges which are 
to be set in viliration, tbc slit b«-t\vt t;n the two mu.st be 
as narr-cvv as p issible ; "iti a wid- r slit a quantity of 
nside.ss air Wi-uld pass tlfrough. If, tlien, a ttou: is to be. 
•produced in the larynx, it i.s espe.-ialiy mce.ssary that 
thctv.o vocal clords, strictly .speaking, should he drawn 
together a.s closely as pjossibie. In this mutual advance 
the;y,are fhr<.>wn ejut of the state of r< which chanic- 
tf .’•ize.'i 4]*em when placed at a greater distfnK'o in tlm 
process of breathing, by the two following muscles — the 
thyro-arvtcii'vid and the latemi crico-arvtenoid. 

The-., ijuisci.'S cau.sf the arytenoid carlilttges to 
rotate in sud; a manner as t.i approxiinato their vocal 
proco.sses -cl. 1 :g. 12). Now, sinco tbc posterior ex- 
tremities vd the vocal chords arc attached to these pn^ 
cc-Hscs, it follow-.s" that th*y also must be upproximaH^l, 
since at theiJ- anterior extremities upon the thyroid 
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cartilage they already are in close jaxtaposition. Tljcre 
is, however, u difference in the action of these mnscles. 
The thyro-arytenoid ninscle.^for instance, from being 
atbiched at a liigher level to the arytenoid cartilage, 
draws tlie uj>j»er portion of tbis*cartilgge more powerfully 
forwards and downwards, and the arytenoid cartilage is 
thus made to rotate in such a manner upon a horizontal 
axis that its vocal process is pressed dowmwards. When 
the glottis, thereft>re, is adjusted by the av.tivity of the 
thyro-urytenaid muscle, it lies lower than when the 
vocal chords are in a state of rest. When, however, 
the glottis is adjusted by the crico-arytenoid inuscic, its 
position is higher, hccaiise this muscle acts upon the 
muscular proc< sses <»f the arytenoid cartilage which are 
situated bt^yond the cricoid cartilage, and draws them 
d»)wn forwards ; the jirineipal jx>rtion of tlie arytenoid 
cartilage, which is situated within the cricoid cartilage, 
is thus forced to**rw»e. and the glottis bo adjusted con- 
sequently lies higher (cf. Figs. 15 and lb). It should, 
however, he rt-memhered thal this change in jij>sition 
<locs not affect the whole of tlic glottis, but only^ the 
posterior [jortiou, the anterior attachment of the vocal' 
chords with the thyroid cartilage representing a fixed 
p*>ittt, at least as regards the effect of the movement of 
the arytenoid cartilage upon the vocal chords. It 'would 
thus la? more correct to say the thyro-arytenoid •muscle, 
in adjusting the glottis, gives it such an inclination that 
its posterior end lies lower tlian its anterior end ; the 
lateral crico-arytenoid muscle, also employed in the 
formation of the glottis, causes, on the conttary, a dif- 
ferent inclination,, raising the posterior extremity higher 
than tlie anterior. Whether the above-mentioiiM pecUr 
liarity has any inflaenee upon the tolae^ produoyi, is 
uncertain, but such mot inffu<mce is at l^t 
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when we find tlmt the positions described must affect 
the (nirrent of air which comes in contact with the vocal 
chords in two different ways. In the first place, the 
increased height of the oentnil part of the glottis, which 
is caused by the lateral erieo-arytenoid muscle, must 
produce a more gradual eonvergenoe of the side walls of 
the low< r laryngeal cavity ; the current of air can, there- 
fore. glide on wan Is with little interruption tn strike with 
its full iorct' upon the vtHarl chords. The jjosition given 
to the glottis hy the thyro-arvu noid muscle must, on the 
coutniry, pro.luee a more rapid convergenctj of the side 
walls of the lower laryngeal cavity, hecauso the centre of 
the glottis lies at a lower level, and tlie effect of the 
current of air must, therefore. h»^ partly expended ujam 
the side walls befirre it reaches the vocal chords in which 
they terminate icf. Fig. 21). In the secojnl jdace, the 
current of air rising vertically through the windjupe will 
traverse the plane of the vt^-al ehord^ in a direction wiiieh 
will cliffer with the position of the ialtgr. If we rejuesent 
thi.s ascending current of*uir. by a line, drawn upwards 
to the ct-ntre of the glottis, we sliall find that this line 
•forms, when the tlnTo-arytenohi muscle is isi action, an 
acute angle w'ith the anterior half e<f tiic glottis, Itut, when 
the lateral crico-arvteuohl is in activm, an obtu.se one. 
h -staons scarcely probable that such diff< rences in the 
directioti in which the current c»f air strikes the vocal 
chords can be without intluence upon the tone produced- 
Tiie mere adjustment of the glottis is not, however, 
.sutficient to give the v<x*al chord.s the j)oworof producing 
tone ; the air ascending the windpipe must b<3 forced to 
pass through the glottis, arranged in such a manner that 
the current may strike again.st the vocal chords with its 
full sfrength ; and, to ensure this cud, all side passages, 
by means of which it could esca|}e the glottis, must be 
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cloKccl. Such a Hitle pafisage is the fflottht respiratoria, 
which ia lioonded on either side by the arytenoid car- 
and ap{K!ara when the vocal chords arc under 
tension as a triangular opening. It is irapossible that 
this ojxmlng should be closed *direct|y, but indirectly it 
is easily accoinplishwl. When, for instance, the vocal 
processes are approximated, the whole of the anterior 
edges of the arytenoid cartilages are drawn towards 
each other, and lie close together, still further supported 
by the sjn'ingdike action of the cartilages of Santorini at 
tboir apices ; since, moreover, the space between tlie 
ptisterior edges of the arytenoid cartilages is closed by 
the transverse arytenoid muscle, and by the mucons 
membrane with which the latter is covered, a cap or lid 
is thus formed over the (jUMi* respiratorui which effec* 
tnally previ-nts the escape of the current of air. Again, 
it is possiltle that the mutual approximation of the 
arytenoid cartilages, and perluips, also, the simultanoons 
contraction of the transverse arytenoid muscle, may force 
a fold of the mucous membrltne which covers the an* 
terior surface of the latter icKo the above-mentiemed 
cavity, and so further assist in its closure. Wo must* 
not overlook the fact that this closure at the same time 
causes a narrowing of the air^paasage from behind 
forwards, or rather, to si>eak more correctly, sgch a 
shortening of the orifice that ilie remaining part of the 
latter, namely, the glottis properly so called, must form 
a still sharper angle with the windpipe — a oircumstanee 
which must have a oousiderable infiuenee upon the 
velocity, and consequently upon the force of ^e euxt^t 
of air passing through the glottis. 

In the tone-prodneing appaxatua just described, 
windpipe may be considered as the ‘^'porte-vmit,'* 
the pharynx, with the cavities of the mouUk ami nose 
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which connect it with the outer air, as the “ resonance 
tulie.” The tono-pnxhicmg apparatus of the larynx 
may, therefore, be tloscriU*?! as a vibratiiuj reed, with a 
simple porte-vent and a resonance tube, which, at first 
simple, is afterwaAls diviiled into two, autl further pos- 
ses.ses the power, by a special adaptation of the soft 
palate, of directing the current of air either through 
both portions of the resonance tube, or according to 
choice through one of the two alone. 

The huvY lif thf current oj air which throws the vocal 
chords into vibration cannot bo accurately estimated, a.s 
we liavo no means of calculating its intensity in the 
moment of passage. We shall, however, be ju.stified 
in saying that the pressure of the air in the windpipe 
must l»e considerably increased at the iiujuient of exit, 
and that, particularly during speech, the pressure upon 
the air in the windpipe must ia* greater, Ijecuuso the open- 
ing through which it esca^HS is oout'uwal. It is evident, 
however, that this pressure does n^t depend entirely 
ujKm tlu: reiatitjus just nn-ntioiicd, hut also upon the 
contratdible force of th*- expiratory muscles. Expewi- 
•eiice agrees with experiment, and fulh' justifies this 
statement. 

The- force l>y wiiich, in breathing, the air is driven 
out <;/ the lung.s when the < ntire glottis is ojam, consists, 
as we hikve already seen, of two elemcut.s, namr-Iy — 

(1j The elastic pres.sure of tiie expanded Ussua of 
the lung®, 

{2) The activity of the expiratory muscles. 

The imiM.rtuJice of the first clement was established 
by Doiifb rs through tile following exiMjriment : be placed 
in the windpipe of a human corpse a manometer, atjd 
then ofMmed thf- cavities of the chest hy an incisimt 
between the ribs ; tlie lungs sank immediately from tbeii' ‘ 
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OW01 olasticity, and the expf^llcd current of air caused 
the mercury in the manomtd-er^to rise 6 mm*. (‘23 inch = 
pressure of fiO -OO mm., or 3‘JL2 -3‘51 inches, of water). 
The lungs were then filled with air thiough the windpipe 
to their utmost extent, and %gain liy means of the 
manometer the fence was observed with which the air 
was drivfsn out through the elasticity of the tissue of the 
lungs ; the manometer registered a pressure of 30 mm. 
(ri7 inch), or 420 mm. (10‘38 inches) of v ater. These 
exiKninients givi* on the one hand a re.sult higher than 
the maximum of that pressure which during expiration 
can he elTected liy the elasticity of the lungs alone, and, 
on the other hand, they show' that even in the most per- 
fect expiration, such as may be observed in a corpse, there 
is still a residue of elastic power in the lungs sufficient 
to sui»porl 0 mtn. of mercury (or 80~90 mm. of water). 

Tliese numerical values are not, however, perfectly 
true for ordinary .respiration, as in inspiration the 
maximum of expansion for the lungs is not generally 
attained, and as regards, expiration, the air is never 
expelled from the lungs by elasticity to the exfbnt ob- 
servocl in a corpse, ibough, on the other hand, it may 
be more completely expelled in the living subject by 
muscular exertion. 

Valentin, again, experimented upon the force of the 
expired current of air by allowing several persons to 
breathe, with the nose closed, upon a manometer 
(pHmtnahrmMier) placed in &ont of the mouth, it appeared 
that the ordinary cMy expiratory stream had a pressure 
of d-S mm. of mercury (’IS-* 19 inch), or of about 60 
mm. (2*8 inches) of water i in more forced breu^ing, 
however, a pressure of 10 mm. (‘BO inch) of meicury, 
or 140 mm^ (6*76 inches) of water. • > 

The most powerful expiration of d wi^ peison 
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regiBterod 8S miii. (1-lS inch) of mcrcary, or 532 mw. 
(20*75 inches) of water. ' The effect produced by very 
powerful lungs was as niuph as 'iOt}, *200, and even 3*20 
nun. of lueivurv ^10*37, 11 *•1(5, 12*7 inches), or 37*21, 
411(5, 4'»(>1 luiu. ('l30, 1(50, 172 inches) of water. We 
find from thoHc t-xporiniont.s that in the ordinary i>roeess 
of breathing, or even when it is slightly forced, we by 
no means employ the elasticity of the lungs to its full 
extent, becau.se wo do not cjurry the repletion of tlic 
lungs to its maxiuuuu. We learn, however, at the same 
time, that tlie muscular power employed in the nujst 
j>ow« rful act of ex|«iriition may in strong persons exceed 
the elHstic activity of the limg.s by a pressure of from 
3000 to -1000 mm. of water. Tin: mean strength of tiie 
expired .stream of the three jx^rsons giving the higliest 
results was ( ‘{ual to a pres.suru of 1135 mm. Now, if we 
assume that the preceding inspiration was as de<‘p an 
possible, we must deduct frpm this rpimlt a pressure of 
4*20 mm. (IG* I inches) of water as Iho action of the 
elasticity of the lungs, aiwl we sltall then find that a 
pros.surt' of 8715 mm. •:'185‘3 indies of water) will 
express the musciilar force employed in expiration. 

That the pressure of air in the windpiipe should be 
greater during the adjustment of the gh)tti.s and the 
production of a tone i.s at once olivious Jipou phyjiical 
,gryuiias,»l»ut cannot, from reasons which are ctpially 
clear, lx- proved by esperimont. Wc must, therefore, Iw 
satisfied with the results of the experiments which 
Cagniard-Latour i»crformcd upon a person who had a 
fistula on tht; windpipe, i.«*. an abnormal orifice of the 
windpipe upon the anterior surface of the throat, such 
as arc made in tr.'ichcotomy, as, for example, wlien a 
ciiild is .‘suffering from croup. Caguiard-Latemr plmteU 
a manometer in this fistula, and found — 
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, Wb<«n a middle note wa« sang, a pressure of 160 mm. 
(6'24 inches) of water*. 

When a higher note was gang with the same force, 
a pressure of 200 mm. (7‘8 inches} of water. 

Wheu a loud call wa>s given, a prissuro of 045 mm. 
(86’8 inches) of water. 

If we compare these figures with the result of Valen- 
tin’s experinienis, according to which the pressure of the 
expired current of air in the windpipe during quiet 
respiration is about 60 mm (2'34 inches) of water, we 
find that — 

(1) During the production of tone, the pressure of 
air in the windpipe is perc(,*ptibly increased. 

(2) Duringthe production of higher tones the pressure 
of air is greater than during the production of 
lower tones. 

fO) It is also greater when a loxid shout is given. 

bi the last case ,the jiressqre of the air is, as we see 
from a com pari soq of the results, llfieeu or sixteen times 
greater than in tranquil rofipiration. 

Thr Pitch uf Tones. — The tones which can las pfoduced 
by the vibrating reeds of the larynx, when acted npoix 
by the current of air sireaining through the glottis, are 
capable of considerable variation as regards pitch.** The 
limits between which the human larynx hi^ the power of 
producing tones is about four octaves, namely,* troih E to 
/ " ; the greatest limits ever attained are an F# of a singer 
namml Fischer, and an.f" of ajprima donm named Sessi, 
a distance therefore of five octaves. A single larynx is 
never, however, in possession of such a eompass ; indj^, 
it beeoxnes remarkable if it ^ceedstwo or two and a half 
octaves. Three or three and a half oetaTes, as &e emn*: 
pass of a single individual, is regarded *m histqry'ol 
music as an extraordinary oecurrenee. Ef&tj 
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his own compass 's<>nu“ whore in the scale of four octavcjp ; 
moreover, the various coui\)iissos have been turan^t'd in 
four classes, into which ihe iiulivulual compasses fall 
according to their places in the scale. 

The bass voice hai^a compass from K to .A 
The tenor ,, „ r to r". 

Tuc alto ,, ,, /to. A, 

The soprano ,, c to 

Acctueling to another cahathition, the bass voice 
extends from i> to.;'*, tenor from c to a\ alto from »/ to e 
and sv>prano from c' to a'. In this division, however, 
nothing is said i>f the |'f*ssibiUty of an individual com- 
pass exceeding the limits of the class to which it belongs 
in cither an upward or downward diriction. 

These fottr ehisst s, moreover, dilb-r md only in the 
IKisition which the'i' hold in the possible ninge of four 
octaves, but also in the .special quality of tone which is 
jH'Culiar to each class of. voice, jui|.d. which ma.v be 
r€‘f€*rred to the eorrespotnling structiin; of the larynx. 

The dittcrence in tho pWch,<»f tones is due in the first 
place th the number >sf vibrations pterfonned by the vocal 
chords in a giveti time ; the greater the nninher of vibra* 
tions, the higher is the tone produced. While E is pro- 
duced" by 80 vibrations in the second, 1021 vibrations 
are rcfpiired in the same jn-ricid to give E.stimatf?d 
by tile tyitnlier of vibrations p*rfornuil by the vocal 
chords in a given time, the has.s voice may be described 
as bflonging to that clas.s the bines of which are pro- 
duced by 80 to 2ti-l2 vibrations ; the tenor in the same 
manner is characterized by 128 to .512 vibrations, the 
alto by 171 to 084, and the soprano by 256 to I02i 
vibrations. 

Wl»en, then fore, the question is asked by what meana 
the pitch of a hiue is estimated, the answer will clearly 
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Ilf; that tlic conditions must be discovered tinder which a 
greater or Ic.ss nuiuher of vibratious of the tone-producer 
— in the case of the larynx, ^the vocal chords — will be 
created. 

It is now known that the pitch of a tone is due to the 
following causes : — 

(1) A stout, fim substance will give a deep tone. 
Thus the thick, substantial vocal chords are as well 
adapted to produce a deep tone, as thick strings. This 
fact cannot, indeed, be verified by direct observation, 
thougli at tlie same time it is supported by universal 
experience. For instance, wlien the larynx is affected by 
catarrh, the voice is perceptilily lower, the explanation 
of which Ikn in the fact that tinder these conditions the 
mucous m<-iiihrane covering the vocal chords is swollen, 
thus increasing their .size. The accompanying impure 
sound (hviarseness. inc(inality) of the voice is caused by 
the ill-fitting edges of tiie glottis, made soft and uneven 
by the swolic'U nuicous membrane. This peculiarity 
is particularly striking when permanent catarrh has 
caused pennauent thickening a<id hardening (induration) 
of the mucous membrane ; the rough boss of a confirmed 
drinker is due to this cause. 

(:2) Long strings give deeper tones than shorter ones 
of the same thickness. Long vocal chords must, therefore, 
produce deeper tones than shorter chords. Tl^ tfutb of 
this assertion is shown by the well-known fact that men 
speak in a lower voice tlian women, the former as a tide 
being bass or tenor, the latter alto or soprano. A. com- 
parison of the male and female laiynx at once esplimsa 
this peculiarity ; we hnd, namely, that the size of the 
mate larynx greatly exceeds that of the female, 
as regards length, the ratio between -the lengtii of the 
mate and female larynx being 3 :2. Again, a cl^ld, from 
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tlie imdeveloiWHl stiite of its larynx, sjjeaks in a high 
register. At tlie age of puberty tlie development of tlu? 
iarjiTix conimenci s and pro,eia'ds amnewhat rapidly. The 
irregwlarity which is peculiar to the voice at this periotl 
is well known, the ’latter then being familiarly described 
as ’‘cracking” or ‘’breaking.” This period is much 
less marked in girls than in boys, the fully devclojHjd 
larynx in their case difteriug relatively but little from 
the child’s — beitig, in fact, about the size of a boj^’s Wfore 
the age of {>uberty. If the perfect development of aju 
individual is retarded by castration, the larynx will 
retain its youthful form, and consequeiitly the high 
register. The knowledge of this fact has given rise to a 
shameful practice for procuring high voices in choirs. 

The two properijc.s just mentioned Jeci<le in tlie first 
place the height of the register peculiar to the larynx ; 
in addition to this, however, we find a power to produce a 
certain numl>er of notes of different pitcli. We have now 
to discover the condition.^ ujion which /he production of 
tones of different pitch hya fiingle pair of vocal chords 
deiamds?. Phy.^icul laws would lead us to assume that 
tlje.se conditi‘)ns must he occasioned by changes in the 
tension of the vocal chord.s, and this supjtosition we 
shall Tind ennfirmed by the experiments which have 
been made upon the laiynx. 

Tehsitiif of the vocal chords can, however, bo attained 
in two different ways, namely — 

(1) By tiie chords being .stretched in the direction of 
their length, whether this is done at both ends, 
or at one end only, the other being fixed. 

(2) By the action of the current of air, which forces 
the vocal chord.s in a direction vertical to their 
•jKJsition wlien at rest. 

Direct tension of each vocal chord is produced to 
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some extent by the mere adjustment of the glottis. 
JJefore adjiistment the entire vbcal chord from the thyroid 
to the cricoid cartilage forms a, straight line ; after adjust- 
ment, on the contrary, it forms an ioigle projecting in- 
wards, the apex of which angle' lies iif the vocal process 
of the arytenoid cartilage. Tlie line bent thus into an 
angle must obviously be longer than the straight line ; the 
vocal chord must therefore have been stretehed to attain 
this greater length (ef. Figs. 15 and 1C). A", however, the 
arytenoid cartilage, on account of its want of elasticity, 
occasions no tension in that port of the vocal chord with 
which it is in contact, and as the portion of the chord 
which is situated between the arytenoid and cricoid car- 
tilages (generally called the crU-o-aryU iund litjitment) is 
very short, while that situated between the arj'tenoid and 
thyroid cartilages (the vocal chord in the more limited 
senso, or thifm-urytenoul liyametit) is considerably longer, 
it follows that the. angle prpdnced by the adjustment 
must belong principally to the latter division. If we 
consider furtlier that in adjustment by the thyro-arytenmd 
muscle the vocal proce.ss of tLft; arytenoid is at the s&me 
time pressed down, and in adjustment by the lateral erico- 
arytemnd muscle is raised, we shdll see that there mipd 
also bo an angle in the vocal chord when view)^*^ j&xwn 
the side, the summit of which will be directed downwards 
in the first, upwards in the second adjustment (of. Figs. 15 
and 1 6). The effect upon the tension of the actual voetd 
chord will be the same in this case as in that of the 
first-mentioned angle, which is apparent only from 
above. Thus the mere adjustment of the glottis hais 
some influence upon the tension of the vocal ^idiords, 
partly tlirough the approximation of the voeid jax)- 
cess of the arytenoid cartilages, and pdrtly tiuroogh 
depression or elevatum, * / 
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Tho vrH'o-thiin>i‘l iiiusi'le has, however, a more direct 
iutlueueo upon the tension of the vocal cliord. In the 
anatomical description of. the larynx it was shown how 
the thyroid cartilage articulates hy its inferior horns 
with the sides of the cricoid cartilage, and how this 
attachment permits it both hHiiui>vc forward, and also 
to rotate upiai a horizontal axis passing between the 
artieulations of both sides. It was shown, furtlier, how 
both tiic.'c mmements must be produecd by the crirn- 
tkipnitl muscle, and that they were necessarily accom- 
panied by tension of the vt>eal cliurds :cf. Fig. !>]. We 
need liid, therefori', say more upon this point, further 
than t'.> remark that we may in the living subject dis- 
tinctly recognize tiic iiilUienco of the cnVo-fAyroeif muscle 
upon the teu.sion of the vocal chords, and tljcrefore in 
the pn»duction of the higher tones. The depression of 
the thyroid cartilage, for instance, must cause the lower 
Ijorder of the latter to btr approximated to the ui>per 
border of the cricoid cartilage. This jiart of the larynx 
can, however, be hit through the skin without any 
dilhcult'y ; and if tlie fingf-r is jdaced iipoti tin- spot while 
a high nt>to i.s sung, tise descrihed ap[>roximation of the 
two cartilages will he'di.Htinctly felt, and we shall be 
assured that the nect ss.-iry tension luis taken place. 

Te^isioii of the vocal cliords is also produced by the 
stretchinjn; ‘action of trie t/it/ru-an/tt noid ^in some CHS<'» 
th«i lateral eria>-ariit>'nouiy and the cru-ik-Oujroid inusclea. 
The former (dTect.s the teu.sion by a pull upon the pos- 
terior eini of the actual Vocal chord, drawing inwards 
and dowiiwards tiie vocal process of the arytenoid car- 
tilage. -if the lutcral trico-anfteniml is the adjusting 
muscle, then thi.-; movement is direcU?d inwards and. 
upwards, the etket as regards tension being the same.) 
The crico-thyroui mu.scle, on the contrary, occasions tension 
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by, stretching the anterior end of the S’oca! chords, as 
it draws their point of atta&hmeiit with the thyroid 
cartilage forwards and dowii\v|jir<ls. 

The second species of tension experienced by the vocal 
chords is cause*! by the current of dir which is forced 
betwetui them. When, for instance, the ascendhig current 
presses against the vocal chords, they yield before it and 
bulge out into a curved line. As, however, the arc is 
longer than its chord, the vocal chord ui\;st necessarily 
he strebihed and drawn out. The stronger the current 
of air, the greater will be the curvature ; and the- greater 
the curx'ature, the greater also the tension which it 
occasions ; a greater tension, however, also produces a 
higher tone. Tims wo find that the pitch of the tone 
dejK'uds upon the strength of the expiratory pressure, 
whether this |)ressure is produced from a feeling of pain, 
or inteutionalh' for the purpose of creating a higher 
tone. For this reagon tlie vojce of a person speaking in 
violent anger will, ol ten rise suddenly to an exeeeduigly 
high pitch ; singers, ag:iin, an;- obliged to use such effort 
in pr<«lucing forced high notes, •that they lose the* power 
of 1110*1 ulation, and are thus x*ery liable to turn the noto 
into a scream. , This fact, moreover, considered from dif- 
ferent points of view, explains another intoresting*^ea- 
liarity connected with singing. When great pressure is 
put upon the current of air in the windpipe, it JiaturaUy 
passes out quickly, and the reserve of air is soon ex- 
hausted ; low notes, therefore, which are produced by a 
more gentle action upon the vocal chords, can be held 
longer than those forced high notes. 

Now, although the laws described above, which attri- 
bute tbe difference in the pitch of tones to the degree of 
iensiun towhieh the vocal chords are' subjected, nure in 
perfect harmony with the jg^st principles *of physics* and 
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tlierefore ro<iiuro no farther confirinatioti, yet it is }p- 
tereatiiig tv> fiml that tliey have been proved by direct 
exjwiuient with special reference to the larynx. .Jo- 
hannes ^fulIer, who has won a deserved reputation 
by his work upon tlie fonnation of time in the larynx, 
experimented upon a larynx which had been removed 
from a male subject ; he adjusted the glottis by connecting 
the arytenoid cartilages, and then attached a thread to 
the lliyroid earitlage. JJy taking the thread over a pull(*y 
and fastening a small .scale to its free end, he was able, 
by placing different weights in the scale, to vary the 
tension of the vocal chords. The tone produced by the 
variou.s degrees of tension wa.s then te.sted by blowing 
in each case upon tiio vocal chords with as nearly aa 
pos.sibIe the same torcc. the precaution being taken to 
compare the tone an.swerlng to each degree of tensiott 
with the note.s of a piano. It would take too long if 
were to give the whole .series obtained by Muller in this 
manner ; the following extracts fronv bis experiments 
must, therefore, suibce : — • , ’ 

“ Ify gradually increasing the weight which held the 
vocal chords in ten.sjon from 7 to/ilOgmi. (1 IDoz.), he 
fiuceeeded in producing the entire st-ries of tones and 
seniTn^me.s from a% to 

“ Wiien tlic tension was small, a .small increase in, 
the weight (7”3 grra, = •22 oz.) was sufficic-iit to raise 
the pitch of the tone a .semitone. 

When the tension was greater, the addition required 
rose to 43 gi m. = 1*52 oz.” 

We shall more readily understand these experiments, 
and, what is still more esseivtial, the conclusions to l)o 
drawn from tlicra, if wc compare in a few rases the 
weigbte nect-HHurV to increase the tension so as to raise 
the tone one octave. 
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Ton*. 

Ttiutloa, 

T*»ne. 

Tttttfloa. 

Vm>a. 



7 grm. 

df 

41 grm. 

h • 

16 grm 

.as' 

88 „ 

dS" 

142 „ 

V 

95 „ 


825 „ 


640 

y 

866 „ 

on the other 

hand. 

we compare 

the 

degrees 


tension and tbeir rt?sult8, we find thai'a gra<lual increase 
in the weight from 7 to 277 grm. will raise the pitch of 
the tone from u% to a", but beyond that a farther 
addition of 2CJJ to 540 gnu. will only ra^ae the pitch 
to <*r". 

Miiller then reversed the process; that is to say, 
attached the scale and its weights in such a manner as 
to, draw the thyroid cartilages backwards and so relax 
tho vocal chords ; in this manner he was able, by gradual 
relaxation of the vocal chords obtained by incrt>asing the 
Vreigbt from 4 to 50 grm., with a constant pressure of air 
to lower the note from 4^ to B. 

^ . 3^ by merely altering the tension of the same 

t ir of vocal .chords, he was alJle, with a ccmstant prepare 
air, to obtain a compass^ oLmore than three octaves, 
!kam B to dif”. • • 

V;. Mi further succeeded in showing by direct experi-k 
rheni the influence exercised by a variaticm in the /orce 
^ the pressure of air. He {^in adjosieda laxysOTin 
^e manner descril^ed above, and while maintaining the 
^ame degree of tension, varied the fierce of thej^r^swora 
of air. In tliree eKperimeuts which be carried out tipoh 
this principle, gradually blowing more strongly upon the 
'Srocal chords the tension of which remiuned eonstaitl, 
he sueccedbd in raising the pitch of the tone produced 
from to a, from g to cjjf, and from to c" ; he liraw 
able, tlierefore, counting semitones, to force oat Irom 
six to nine tones above that which waa^ chaxaetet^l^ of 
the tension under ordinary einsomsts^cea. Ha JiditiMMr ^ 
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remarked partic^ilnrly that the quality of such forced 
tones '^ras greatly inferior to that of tones of the saiae 
pitch, produced entirely by direct tension of the vocal 
chords, and this was especially true of those tones which, 
where the tension (rf the vocal chords was at its maximmn, 
could be f«>rct'd out liy increasing the pressure of air ; he 
describes them as unmusical and screaming. 

According to the laws of ph^ -sics a difference in the 
length of the porte*vent, or the re.sonanco tube, or both, 
should, through the resonance which is inherent to them, 
exercise an intluonce upon the pitch of a tone; this, 
however, cannot be proved in the human organ of speech. 
There is, indeed, a fact which direetly contradicts this 
theory, namely, that when high tones are produced 
the larynx rises, thus lengthening tl»e portc-vent, or 
the windpipe, while theoretically we shoubi consider the 
lengthening of the portc-veut as one of the conditions for 
the production of low tones. This sepming contradiction 
is, however, explained when we reraeraj>er that the walla 
of those parts adjoining the. larynx, as porte-vent and 
resonance tube, are too* soft and ^ieltling for their 
resonance to have any perceptible effect upon ibe re- 
markably po^verful tone of the vocal chonls. 

i and Head AV>n/{.~The notes which the human 
voice is capable of proilucing arts of two ktinls, and so 
are genepeiiy divided into chest aiul head notes (faUetUt). 
The latter, as a rule, have a higher pitch, but l»otb are 
further characterized hy a peculiar quality. Now, as 
the formation of the tones employed in speech must be 
primarily referred to the vocal chords in the larynx, we 
are justified in usstiming that the pecaliarttie.s in question 
are caused by different action of the vocal chords during 
the production of tone. Direct observation upon the 
living subject is of little assistance in showing how far 
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are right in this supposition; as wd merely find that 
chest-notes produce a much greater vibration, particuiarly 
of the walls of the chest, whi^e falsetto notes are accom- 
panied by on elevation of the larynx and by a considerable 
increase of exertion. We are ttiereforb forced to fall back 
upon experiments upon removed larynxes, and shall have 
tfie more confidence in them, as ive have already found 
such experiments to be entirely satisfactory in explaining 
the production of musical notes by the voice. 

From these experiments it appears that chest-notes 
are always produced when the entire vocal plates are 
thrown into vibration, and that, on the contrary', head- 
notes ore produced when only the sharp edges of the 
vocal chords vibrate. This fact may be proved by ob- 
serving the action of the vocal chords during the pro- 
duction of a tone. The result of these experiments so 
far has been to show that the vibration which is limited 
to the extreme edgeg of the vopal chords arises when, with 
a somewhat more widely oi>en glottis, the vocal chords 
are highly stretched, and a* strong rush of air then passes 
rapidly through them which can only cause thelk edges 
to vibrate by friction ; during the production of chest» 
notes, on the contrary, the vocal chords are rclaxedjgj^ : 
their edges lie nearer together, so that the wBole of 
the vocal plates are forced to vibrate like valves. These 
greater vibrations of the entire vocal plates dUl ^rth a 
corresponding increase in the resonance of the windpipe 
and its ramifications, which has given rise to the tenG^ 
“ chest-note, chest-voice.” 

From the manner in which it time appears that h^sir 
notes are produced, it should foUow that they 
a greater supply of afr than chest-notes, the air 
former case passing with greater rapidity thronjg^ # 
opening; this f^gre^ with the fact ^at Be^^nl^ 
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not be held ns lohg as chest-notes, while on the othfr 
hand this very ngreomenV; is greatly in favour of the 
view we have taken of the proiluetiou of hetul-notea. . 

The Qtitilitif of the loiee, — The tones created in the 
larjux have, besides thcir’pitch and division into chest 
and head notes, a jH'tnUiar qmtlittf {eltmtt), which cha- 
racterizes them as tones of the human vocal organs, 
lliis quality, like that of all musical insti-uments, is 
chiefly dejnuideut upon the structure of the whole 
apparatus us regards both material and form. Varia- 
tions in the character of these two hu‘tor» impart to each 
individual voice an individual “tjuality.” They, namely, 
determine the eotu|Kisition of tlte different resonances, 
and the manner in which tin y blend to form the com- 
pound tone, which is the cause of the peculiar “quality.”' 

The most important point in connection with this 
part of the sul'ject is the size and condition of the 
cartilage of the larynx, it that is , to say, it is in a 
normal condition, or shows any sigirs of a change in 
its texture isneh as ossifieaiiou). It i.s also of the 
greatesl importance to bonsider the resonance of the 
cavities of the windpipe and of the mouth and nose, 

. wbieh, again, depends upon the form of the walls and 
upon the extent of these cavities. Wo have already 
remai^ked, in passing, the part which the r»?8onance of 
the air j»!he windpipe plays in the pnahiclion of chest- 
notes, therefore we shall now only draw attention to 
the fact that the resonance of the air in the cavities 
of the mouth and nose has a considerable effect upon 
the quahty of a tone ; for when both mouth and nose 
serve aa exits for the air, the quality of the tone differs 
from that produced when either of these orifices are 
closed.* When the mouth is closed we have a nasal 
quality, which ‘is used intentionally for certain sounds, 
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bat sometimos, from habit or hrom defect in the 
palate, a person can use no other, or, as 'we saj, 
8p<.niks through his nose. • The resonance of these 
cavities will, moreover, be effected^ by their size and 
shape in each particular instance, .while even compara- 
tively unimportant circumstances, such, for instance, as 
the loss of a few double teeth, will have a perceptible 
eflfcct upon the quality of the voice. 

It would bo almost impossible to enumerate all the 
causes uiK}n which this difference in “ quality ” depends ; 
and such an attempt would, moreover, possess little 
interest. It is enough to know that herein lie the 
reasons of the quality of the human voice such, and 
of the quality pecuUar to each individual. 

If wo consider, further, that the existence of a par- 
ticular register depends upon the eorrespondiug forma- 
tion of the tone-producing apparatus, and that this 
formation also possesses the conditions necessary for a 
peculiar quality ^ we shall see how it is that the four 
principal registers — bossy tehor, alto, and soprano— not 
only differ in their imsition in* the scale, but alw in the 
quality which is peculiar to each. * 

IntensUy of Tom ; Cnsetndo and Decreseendo^-g^Sb^ 
intmisity of a time depends partly upon the for^ ■ 
mediately concerned in its production, pajrtly upon tiie - 
accessory cirenmstanee of resonance. A* doud iiSBe 
requires a strong pressnre of air and heidthy 
chorda capable of perforining vibrations ; with 
vocal chords the tone win be louder, in pro|mrtioa to?^^ 
force with which the air is esqmlled by the 
muscles, as we have seen £rom Cagniard-Latoar^ 
ments with the manometo;, which for a Shoni 

The inson|u^;pfitbhhiro^l^hn^^ 
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longs, and of thto Vails of ilto chest, the resonance of the 
air in the eaWties of the ‘mouth tmd nose, and the re- 
sonance of the oouipoueKt ptirts of the larynx and 
esjKHnally of the walls of tlie air-passages, are all so 
many means for reinforcing the tone, the intensity of 
which dep«‘iuis, therefore, u|>on the degree of perfection 
to wiiich this resonance can he brought. A spacious 
thorax, a spacious nasal cavity, and a large larynx, eacli 
of course, in a hcfUthy condition, will contribute mate- 
rially towards the prmiuction of |)owerful tones. 

A weak voice is occasioned, on the one hand, le^' any 
affection of the mucous membrane wliich covers the vocal 
chords (catarrh, h>r instance), or by muscular weakness 
which prevent.^ the possibility of a |>owerful expiration ; 
and, on the other hand, liy disease of the lungs, wliich 
diminishes tlieir capacity for cunttuning air and producing 
resonance ; and, indeed, by any circumstance which pre- 
vents powerful resonance in. the abovo-mentioned parts. 

Another interesting question is tlie possibility of 
giving a crescendo or deefesoendo effect to tv tone sus- 
tained at the same pitch. 'We have alreadx’ seen that the 
jfitch of a tone is primarily deiH*ntlent upon the ten.siou 
.ivt^hs^^vocal chord.s, hut that with the same degree of 
tension a slight ex[)iratory effort will pr<Mluce a low tone, 
a stropg one, on the conirairy, a high tone. We know, 
farther, tha't if a given tone is to become ./ortc, tlie current 
of air must l>e inereasetl in strength, and that if, on the 
contrary, we change it to /»i«ino, the current must be 
weakened. The tone should therefore become higher 
when Jm'te, lower wlum jmno. As, however, it is possible 
to pass from pinrut to ybrtc witliout altering the pitch of 
the tone, there must be some means of correcting Uie 
effect of the difference in the streugib of the current of 
air. This counWacting iniiueuce cm onJy arise from 
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il4,e muscles of the larynx, which, as the tones become 
furte, will be relaxed, when It becomes pwt/io will, on 
the. contrary, be more highly.stretehed, so that in both 
cases the difference in tension will correct the variations 
which would be caused by thtrdiffer^ce in the strength, 
of the current of air. 

Let us now glance back, and we shall find that 
although there are present many conditions which 
render possible the production of tones (in a strictly 
musical sense) in the air-jjassages, yet that of all these 
the tone-producing i)Ower of the larynx is the only one 
which is fully adapted fur the formation of articulate 
sounds. 

In the larynx, moreover, we hare a musical apparatus 
of a peculiar kind, which may, indeed, be generally com* 
pared to a vibrating reed, but which differs in many 
respects from the reeds employed in musical mstruments. 

The tone is htire produced by a moist membrane 
composed of elastic tissue (the vocal plate), which by 
means of organic change i# always in a condition to 
produce tone, and therefore does not suffer frdm con- 
tinued use, as, for instance, is necessarily the case wi& 
the indiarubber plates, by means of which we 
struct a musical apparatus upon the same prjfietple^ 
While with the reeds used in musical instramrato a 
separate pipe is neccssaty' for each tone, the toaterml 
the vocal chords is such that the vibrating reeds pi iiie 
larynx can bo employed in the creation of a hu^ serias 
of tones, embracing from two to two and a half ootoves* 

This is rendered possible by the fiaeulty whi<^ 
portion of the vocal plates principally eniployed thb 
production of tone (toe vocal chords) possesses 
cetving different di^ire^ of tonaipn^ partly by 
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of their length, ami partly by the degree of force wjth 
which the current of air Is driven against them. These 
two kinds of tension act simultaneously, so that- the 
absolute degree of tension distinctive of a particular 
, pitch may he caused by 'a different division of the two 
forces. Thus it is possible if, ns in a note sung forU, 
one force producing the tension (the pressure of air) 
is too great, by diminishing the other (niuscular activity) 
to maintain an et^ual tension, and therefore the same 
pitch. 

By varying the action of the vocal chords we are able 
to obtain two retiisUts of musical notes, the re^hter of 
chest-notes and the register of head-notes, the latter 
being somewhat higher tlian the former. 

The resonance in the passages through which the air 
is supplied (the windpi[>e, etc.), and in those which carry 
it away (the cavities of the mouth and nose), corre- 
sponding to the porte-veut ^ind resoj:vm*'t-‘ lube of a reed- 
instrument, .serve partly to reinforce the tone, and partly 
to give to it the peculiar* qmility characteristic of the 
human* voice. * 

• The quality of the voice can }>« raodiJied by changing 
ib^ ^form of the re.sonance tube, eKj)ecially the very 
adaptable cavity of the mouth, in different ways. 

The latyn.x, therefore, in spite of its diminutive siae 
and simpfe construction, must be regarded as one of 
the most perfect and comprehensive of musical instru- 
ments, and au|>erior in action to any artificial musical 
insiniment. 

Another fact is interesting, namely, that the entire 
larynx, and particularly the space Wtwecn the vocal 
chords, mert'ly serves under ordinary ciretimsiances as 
a free -passage fdr the current of air employed in re* 
spiration, and 'that a single slight mnscular action is 
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soiliciont to adjust tho vocal chords for ihe production of 
musical tones, and so to change a free air'passage into 
an iiumitablo musical apparatus. 


VoijCE AND Speech* 

In the last section we showed that the air, in its 
passage tlirough the breathing apparatus, is capable of 
producing ditferont soimds, ahich sometimes assume the 
character of a noise, sometimes that of a tone (in a 
restricted sense). We further traced these soun^ to 
their origin, and found that those which are caused by 
the inspired current of air are not of frequent occurrence, 
and are rather to be regarded as jieculiar and accidental 
phenomena ; those, on the contrary, which are pro- 
duced by tho expired current of air occur more fre- 
quently, and are more varied in nature; then, again, 
they are more easily uttered qnd sustained because there 
is less direct musqular activity required for the creation 
of the expiratory current jthou for the uispiratory cur^ 
rent, expiration being to a certain extent m^ly an 
involout^y reaction after the effort of inspiration. . 

This peeutiaritj' of expiratory sounds is the reasc^ 
why they are to a great extent employed in the lOiirai^ 
of communication characteristic of man, that m, in 
ariionlate speech. We say to a great extend for Iby no 
means are all sounds employed which ciua be created % 
the expiratory current in the above-mentioned manner, 
but only those which can be ea^y nttered, and poasem 
the advent^ of being easily eomhmed so as to fmnu : 
those oomhinations of sounds which vfe call “ 

Again, this choice is by no means tunversally fihe 
or a constant for ra^s of men ; y<ex:^\.ge)0s^^ 
speaking, it m trne^^^t^ 8omads*am 
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used in the formation of speech; if, however, we Ipok 
more closely, we tlnd that each race, or even smaller 
fractions of the human species, offers not inconsiderable 
differences, arising in some cases from special modifi- 
cation of these ivrimary^ sounds, in others to a use of 
particnilar souiuls whicli arc only met with in certain 
langiiagis or dialects. As an example of the first kind 
of variation, wo may mention the many different pro- 
nunciations of the vowel .1 ; of the second, the compara- 
tively limited distribution of the English sound f/i. 
Tiiat, moreover, this possibility of ejisy utterance and 
easy comlauution of sounds which wo have given above 
as the motive irr their choice is a very relative one, we 
know from pcrstnuil experience, when, in learning a 
foreign language, we have Wen ohligoil to master those 
sounds or raiHiilications of sounds which are peculiar to 
it. Practice from earliest youth is hero, as in so many 
eases, the only foundation for the tevm “ easy.” 

The sounds employed in the foringtion of speech are, 
however, by no moans cither 4 nirc noises or pjiro tonea; 
ordinafy speech is mudi rather composed to a great 
4 "xtent of a mixture of noise and tone. In whispering 
is tone almost excluded. It is the combination of 
these^wo elements in the formation of 8oun<l to which i$ 
generally applied the term “ voice." * Thus the voice 
represent!? the tone-quality " of what is uttered, and we 
may sj)eak of a voice as Ijcing musical, strong, etc. The 
voice is, tiureforc, qnite independent of speech, and 
may equally he employed for unintelligible sounds and 
for most pathetic speech, A singer’s fain© depends ujiott 
his power of modulating iiis voice, and wo all know how 

^ The tenn (HtirYume) f# here itnad ifli h 4t(lerefst mmm io ih^ 

U> it in tvnglUli wliews it U for 

the .HOiind pT^icItujetl hy the vihrutkiti of the troml €hf»r4ii. For the lnttelT 
the autht>r lue# (Ton), vihich wor<l b rotoittisdL— 
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selijom a 'word when sung can be rendered merely as a 
word without drawing severe criticism upon* the singer. 
We 8i}eak, therefore, and wit^ justice, of the voice of 
birds, etc. 

“ Speech,” on the contrary, is the creation of combina- 
tions of sounds, by means of which we render ourselves 
inteliigibie, and are able to communicate with others; 
and, in a wider sense, the combination of separate com- 
pound sounds (words) into sentences, etc. The conception 
of ‘‘ speech,” therefore, infers an intelligible meaning in 
what is spoken, and is eonscqueutly quite independent of 
the conception of “voice,” it being immaterial whether 
it is uttered in a musical or an unmusical voice. In 
this sense we talk of a person speaking well, vulgarly or 
with great entlmsiasm, and also use these expressions 
with regard to written or printed speeches, which shows 
still more plainly the independence of the conception of 
“ speech ” from that.of “ voice.” 

It is important ,that we should he quite clear about 
the difference Ijeiween thet^e two conceptions, for they 
are not always as clearly differentiated they shotildbe. 
Thus we often hear the remark that the lialiaii is a* 
beautiful language, because it has such a musi^ sound>^ 
when evidently only the voice-quality of the 
language is implied. 

Since, therefore, we are now proceeding td^Bonsidef 
the elements of speech--tbat is to say, articulate sounds 
with reference to their creation and mutual relation— we 
shall not, after what has been said above upon the choice 
of articulate sounds, confine ourselves to a single 
bet. We shotdd in that case he' es deserving of Jb^me 
as a person who would attempt to explain the m^afihtse 
of walking or gaping ^om obsermtion of 
individual, duet ae 
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meuts of walking aiii<l grasping de^Hinds upon a thorgagb 
investigation of eaoh joint of the arm and leg, wliich will 
acconnt for every variety of walking and grasping; so 
for our purpose must we explain every meehanism and 
apparatus which' assist* in the formation of articulate 
sounds, tliat we may thus become actpuiinicd with the 
whole range of possible articulate sounds, tmd distinguish 
those which are actually in use. We may, however, 
without in any way injuring our subject, pay partictilar 
attention to the more familiar languages of Europe. 


Recipbocj^l Closi re of the Cavities of the Moi'th 

AND Nose. 

Of the two means of exit open to the expiratory 
current of air, that of the cavity of the nose is, under 
normal conditions, only employed in the mechanism of 
respiration. The passage througli the cavity of the 
mouth, though under unusual circunnjtanees also forming 
a passage for the breath, ia, on the contrary, generally 
cmpldVed when the currt nt of air is used for the creation 
' of s|>ecch. The cavity of the novse, liowever, serves also 
a passage for the air in certain articulate sounds. 
We shall, therefore, proceed to examine by wbat mechan- 
i.sm the current of air is driven through one or other, of 
these passages. 

A general explanation is at once given in the peculiar 
adjustment of the soft palate, which, when at rest, hangs 
vertically downwards, closing from behind the cavity of 
the mouth and leaving the entrance to the nasal cavity 
free ; when raised, however, till it lies hoiissoutally, the 
floor of the nasal cavity is (amiintied to the {losterknr 
wall of the phar^-nx : thus the entrance to it is closed^ 
while that of the cavity of the Mouth is left perfectly 
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opeB. This relation ia safficiently slioira by tbe two 
views given in Fig. 6. In botll, « represents the nasal 
cavity, h the cavity of the moiitb, d the windpipe with 
the larynx, and / the soft palate ; in A the soft palate is 
banging dowii and closes the cawity of ‘the month, in B 
it is raised and closes that of the nose. This sketch, 
though cojrtrect as regards the leading points, is a very 
rough one, and would reijuiro to be much developed and 
filled in before it could be called a perfect representation. 
The idea we gain from this figure is far too much that of a 
door opening at difTercnt angles, while the soft palate is 
a yielding, pliable structnre, by which an ofiening can be 
closed in many other ways than by that which is alone 
possible with a rigid board. 

Tliereare in tbe human organism several such valves, 
so arranged that, under certain relations, they close an 
otherwise open passage. The principle is the same in 
all, for each cousisif of an f^rehed jjlate or lip, which 
when efiectiug the.closme does not touch the opposite 
side with its free edge (mly>*hut with a considerable 
extent of its convex surface. ‘The advantage df this 
arrangement is that the greater tbe pressure upon the. 
concave side of the arch the more |>erfect wUl be the^ 
contact, provided, of course, that the vidve canui!^*^ 
b^k too far, which in every case we find, from some 
special provision, to he impossible. The valv^ in the 
cavities of the heart and in the veins are provided with> 
an exceedingly simple cheek,. tlte principle of which is 
precisely the same as that of the soft palate. 

In the anatomical seeimn we compaired the 
palate to the blinds of a bay window, the middle ofre irf 
which is Iwoad and drawn oidy a httle way 
the nurrow side blindseMeh to the bc^^ 

The broad nhddle pc^on la ^e aofi 
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speaking, ami tke iuhtow hanging sides the pillars of the 
fances. Now, in eneh of these three pillars there is a 
muscle (the phariifiifn-iMhitine m.) which draws down the 
soft palate and thus effects many important changes; 
but in the question now before ns we may undoubtedly 
regard them as checks of the deseriptiona mentioned 
above, which, when the soft palate is employed to close 
the cavities of the mouth and nose, prevent it from 
springing t)aek too far. 

We must, moreover, examine the two i>ortion8 into 
whicli the soft palate is still further divided if we wi,sh to 
obtain an accurate acquaintance with its mechanism. 
These two parts may he termed the npjjcr and the lower 
part ; the former is that wbieh adjoins the posterior 
l>orderof the hard palate, the latter that which tenninates 
in a free edge. Viewetl externally, no division is visible 
between the parts, but it is shown very plainly in the 
internal structure by the arrangement of the muscles. 
Two pairs of muscles enter the soft jndute from above in 
such a manner, that cacij, consisting of a right and a 
left hand muscle, forms a loop, the broad summit of 
which spreads out in the soft palate. One is formed l>y 
4be vt li muscle, and belongs specially to the up|>er 

part of the soft-palate; the other by the hrntor reli^ 
which, together with the I'htrtnujn-pnhUiu^ of the pillara 
of the fivtfces, is chiefly spread throughout the lower part 
of the soft palate. 

The elevation of the soft palate is principally effected 
by the ti^mor luilnti muscle, notwithstanding the ap})arent 
contradiction offered by the name of the muscle. The 
form, namely, of tins mnscle is very |)€culiar. Bpringing 
from the side of the pterv’gthd processes of the sphenoid 
bone which skirts the jjostcrior na:n!S, it passes with it« 
tendon through a notch situated at the base of the inner 



CWMWn® # MOCTtt 2!^ 

pla|e of this process into that portion of the soft palate 
■which is contignottB to the posterior border of the hard 
palate, and there joining the .corresponding musele of 
the other side, forms the above-mentioned loop. The 
portion of tliis loop lying behind the hhrd palate is only 
formed of the tendons of both muscles, and indeed in 
such a manner that they together constitute a broad 
aponeurosis, the anterior border of which is firmly 
attached to the posterior border of the hard palate. 
When now the two tensor palali act simultaneously this 
membrane is pulled obliquely, and so forms a continua- 
tion of the arch of the hard palate in the direction of 
the posterior w’all of the pharynx. A horizontal wall of 
division is thus to a certain extent created between that 
portion of the nose and the cavity of the mouth adjoining 
the pharynx, and the most important part of the closure 
of the nasal cavity to the current of air effected, only a 
proportionately smal) gap being left between the posterior 
wall of the pharynx which lies upon the vertebral column, 
and the upper portion of tjie «oft palate now stretched 
into a horizontal position. Tiiis gap is filled ^y the 
lower portion of the soft palate being drawn into it by* 
the hvator palati muscle. An arch is thus formed up* 
wards and backwards, resting against the postericA' wail 
of the pharynx, the free edge, which touches more Kghtly, 
passing into the pillars of the fauces. 

Passavant * was the first to show that this medianii^ 
is not the solo agent in the closure of the nasal cavity, 
but that the posterior wail of the pharynx comes into 
contact with the elevated soft ^ate by means of jl 
projecting fold against which the soft palate res^v T^ 
understand the cause of thm protuberance we nshfll 

* G. VeScr difi Venohiykmiwg *di»^ 
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remember that the pharj-nx is surrounded by thyee 
eonstrietor mnscle^t, each of which may be compared to 
a loop with a fixed point of attachment. The first and 
inferior constrictor has its origin in the larynx, the 
middle one in th^ hyoi<bbonc, and they l)oth spreivd out 
backwards to such tui extent as to entirely cover the 
sides and hack of the portion of the pharynx bordered by 
the hiryux ami the oral cavity ; they are tlius peculiarly 
well adapted to proiluce a contraction of that portion of 
the larynx through which the fowl passes in the act of 
swallowing, in which consequently they play an im|)ortant 
part. The action of the superior constrictor is different. 
It arises from the posterior margin of internal 
pterygoid plate, therefore at the .side of the posterior 
nares, and ahso from the inm?r surface of the inferior 
maxillary bone under the last mohir teeth. Between 
these two points of origin a middle poxiioa may be 
observed, consisting of fibres which are an imnusiiate 
contmuation of the biiceinator. This superior constrictor 
is very different in construction to the two others, not 
expanding as it passes backwards, and so enclosing the 
nasal portion of the pharymx' as a band of scarcely *2 cm. 

„£*78 inch) in width. The action should, therefore, only 
affect' this portion of the pharynx, which i» really the 
case, as it draws forwards t be ubore-mentioned protuber* 
ance of /he posterior wail of the pharynx, almost upon 
the same level as the base of the nasal cavity, and, because 
some- of its fibres run upwards, at the same time draws it 
downwards, it is obvious that the raised portion of the soft 
palate must, by contact with this protuberance, accomplish 
the closure of the nasal cavity with great precision. Wo 
must not, how’cver, forget* that with such properties the 
superior constrictor cannot be considered as a muscle 
employed in s?w allowing, but as one of those which fom 
par^q^e mi^banism of speech^ 
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.Tbe truth of this aesertton maty be^sho^ in many 
ways. • 

Fasgavant was able to prpve the existence of this 
protuberance upon the posterior wall of the pharynx by 
direct observation upon a subject borp with such a high 
palate that the upper part of the pharynx was quite 
visible, lie was even able to take its dimensions ; he 
estimated it as raised from 6-6 mm. (*19~*23 inch) 
above the surface of the pharj’ngeal wall, and as from 
9-12 mm. (•35-'47 inch) in length. It is remarkable 
that a fact so important for the investigation of the 
mechanism of speech should have hitherto met with no 
farther consideration, although it was published as long 
ago as 1868. 

The fact of the perfect closure of the nasal cavi^ by 
the soft palate in speech was, after much controversy, 
first cxperiraentally demonstrated by Czermak.* Hia 
experiments prove tins closure first in the case of the 
pure (not nasal) vqwels, and then for the consonants^ of 
course with the exception jot •the resonants (m, n, ng), 
which are still often rcgardedias consonants, fio 
showed that the elevation of the soft palate differed witbr 
the utterance of each vowel, the greatest elevation., 
occurring with the vowel i (c« in »«e), and tb^ 
elevation gradually diminished when the vowels ^wetd 
uttered in the following order .* — t, «, o, c, tt.t'-This he 
proved in the following manner. A thin who xrtw 
bent twice at right angles in the same plane ; to one ehd 
a small ball of wax was attached, and the wire wi^ lhdiiit 
pushed through the nose till the wait baU lay upon the 

* tTeber Ant weiolwa <3«iitii(ms Imm 

reinen Vocalo. der wki»er Akademie — laalteMitSiete; 

iwturwi8»ena‘;lmnik4t# Bd. XXtV., 8, t. Mint, 

t ltttli(>ut4tereiiienbei«i niia the V(i«Qfat 
tiie German voweta. 

pttMi 9, o ia mj Ui-m 
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posterior surface of the soft palate ; the other en4 of 
the irire hung as an indicator before the mouth. The 
vowels were then uttered in the following order — «,.e, o, 
u, i — and the indicator rose for each, attaining the 
greatest elevation with i ; the order of the vowels was 
then reversed, and the indicator gradually sank, till, when 
a was no longer audible, it resumed its former vertical 
position. He was aftenvards * able to make even closer 
observations. For instance, in a surgical operation con- 
ducted by Professor Schuh at Vienna, the face of the 
patient was so opened that the posterior surface of the 
soft palate could bo seen, and Czermak exporimented 
upon it with Schuh and Briicke. He thus discovered 
that in uttering the vowel i the .soft palate was raised to 
such a height that its posterior (in the act of raisiitg, tho 
upper) surface lay at au angle of about ten degrees 
above the plane of the floor of the nasal cavity ; when 
tt vrm uttered the point at which the soft palate came 
into contact with the wall of the pharynx lay 6 mm. 
("28 inch) lower ; for o mid e it fell again 6 mm., and 
when *a was uttered there was only a slight elevation in 
•a backward direction of tlie surface of the soft palate. 

Czermak further demonstrated in several ways that 
the clbsttTo, which is offt'cted by the elevated soft palate, 
is a very complete one. In his first treatise he mentions 
the follo^riug experiment ujaiii himself. While uttering 
the vowel i he had some water poured through a small 
tube into the bindermost part of the nasal cavity ; tins 
water remained there and did not flow down into the 
lower part of the pharynx ; this wins also the case when 
the vowels », o, and c were uttered, the water only 
entering the pharj-nx when he uttered the vowel a. The 

* Oeennak, B«>inerkntif fiber die Bildnog SpnohUntd, iai: 

UDienuebanKen snr Nntarleiure ties UeoMbea and dor Tbkirv (pablisbed 
b; Mokadtou;, V., 1. 
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closure hiid, therefore, been soffieient'to soppori the 
weight of the enperinoumbent Water till the vowel a was 
uttered, when it became too weak to answer that purpose. 
That, however, there was a closure even in the latter ctae 
has been shown by Passavaflt * in. another manner. 
He repeated Czermak’s experiment, using, however, milk 
instead of water, the advantage being that milk could be 
more easily seen, by reason of its white colour, when 
escaping down the pharynx. The result of the experi- 
ment was the same as when Czermak tried it.^ He 
resorted, however, to another method, to discover whether 
the escape which accompanied the utterance of the 
vowel a arose from imperfect closure, or from the weight 
of the fluid forcing open a closure which otherwise would 
have been perfect. A wire, of the thickness of a strong 
thread, was bent at right angles, and carefully introduced 
into the nose till one end could be sceu through the open 
mouth hanging down K*low the free margin of the soft 
palate, the other end projecting from the nose. Upon 
moving the latter, the end hanging down the pharynx 
could be distinctly seen to mdve slightly from side to 
side ; when, however, the vowel a was uttered it was Rd 
longer possible to produce this motion, which shows that 
the contact between the soft palate and the posterior 
of the pharynx is so perfect when the vowel a ia uttered 
that a wire of the thickness of a thread will be held 
Although the above-mentioned facts are quite suMcimit 
to prove that when the vowels are uttered an air-tig^ 
closure of the nasal cavity takes place, still Caorsiii^ t ^ 
did not consider a further experimenied proof ^ 
superfluoua Por instance, while he was ntteringiilha 
vowels, he held a mirror or a polished steel UWls 
* UeW di« VoMddiWMinS de« SMilQtadiemSsa 9. ^^1^^ 
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Ilia ndse, and f6uiid no moisture ujicn its surfftce-r-ft 
sign that no air could hfiv© passed tbrongh the nasal 
cavity, which imist. therefore, have been entirely isolated 
from tht' emrent of air. This experiment also was 
tried by Passavant. with the same result, 

\Vt‘ must not omit to mention tliat from Passavant's 
observation it appeared that in some exceptional cases 
there was a small gap between the soft palate ami the 
wall of the pharynx during the utterance of a, o, u, which 
did not affect the purity of the soumls. 

As, however, we are not here discussing the formation 
of the separate articulate soinuls, hut merely the laws 
for the isolation of the nasal cavity during the produc- 
tion of pure oral soumls, we need not at present <?xtend 
our remarks beyond the general laws just laid down for 
the vowels. Still it is a fact too important to he omitted 
that Czermuk, and after him Passavant, have shown that 
there is the same isolation of the •nasal cavity for the 
oral consonants. 

W'e are, therefore, perfectly justified in saying (luU 
durintf (ht priHlurthm nj all putf oral sounrh, wht'ihitr 
Va/fflx or ro/iJtofiofifji, thr nasal raritij is rntirrltf shut off 
-from (he expirutory ntrrent of air. 

T1 tCSf? facts would lead us to expect a similar exchi- 
skm ^>f the month from the current of air during the 
producticn of nasal sounds, and this we shall find to be 
the ease. The nasal sounds which are eitiployed in 
ordinary speech arc the nijsal modifications of the vowels 
so general in French and Oerman, and the so-called 
resonants, m, «, mf, or semi-vowels, a« they have been 
tenned. Now, us the soft palate, when at rest, hanga 
down before the posterior oi>ening of the mouth Uk© a 
valve *till it touches the root of the tongue, wo have 
the necessary provision for the isolaiion of the fOotith, 
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and any special apparatus is apparently onnecessary, 
aithougb we may well imagine that as such nasal sounds 
only occur occasionally in syeccli, and since in si>eceh 
the soft palate is generally raised to effect the closure 
of the nasal cavity, so, when #he mopth is to be isolated 
for the formation of a single sound, it must he tem- 
porarily drawn by some special muscular action into 
that position which it always assumes when at rest. 

There can be no question as to the fact that in nasal 
sounds the current of air passes through the nasal cavity. 
The point may be argued, however, whether this isolating 
closure of the mouth is only effected by a temporary 
resumption of the state of rest, or whether a special 
closing action is not rather the cause. Direct observation 
by looking into the open mouth is impossible, since tlie 
mechanism necessary to produce the sounds acts so as 
to close the aperture of the mouth. The question may, 
however, be solved,in another manner, for besides our 
knowledge of the theoretical possibility of such actions, 
it is possible to make observations upon ourselves and 
to follow them out upon others! * 

Muscular sensation gives evidence of two movemehts 
during the formation of the nasal vowels, namely- — 

(1) A movement of the soft palate downwards and 
forwards: 

(2) A movement of the tongue backwards and 
upwards. 

The inference to be drawn from these movement is 
clear ; close contact must, for instance, be formed beWsen 
the soft palate thus drawn dowu forwards andthetobs^r 
drawn towards it backwards, the result of which wili lhi;; 
a perfect isolatiuMi of the ihouth* That such a 
isolation really tiUtes place in the nasal vow^ 
in the well-knosrn d^ecst m 
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of the French nasal vowels ; for ihongb be pronounces 
tlie vowel itself rightly, be' acids a k to the end of it. Now, 
as tills is an explosive sound formed by Uie root of* the 
tongue and the soft palate, its appearance here is a proof 
that contact between theke two parts is broken at the 
end of the vowel, and tiierefore that such a contact must 
have existed during the utterance of the vowel. The 
defect merely arises from this liberation being performed 
audibly ; it is most noticeably in the nasal u — as, for 
instance, “ departemank.” 

Since, however, we are not hero considering the 
formation of the separate articulate sounds, but merely 
the mechanism employed in the closure of the mouth, 
we need not enter into the <liscnssion as to whether, and 
to what extent, such a coinph te closure of the mouth is 
necessary in all nasal sounds ; we may he satisfied with 
having ascertained the fact, that an ahmlute inol/itiim of 
the mouth from the erpirat<V'it eurretU u jmmihle throu/fk 
special mnscular action, and map be regarded an jmrt of the 
meehanmn of site ech. ’ 


Tub Nasai. Cavity, 

From what has been said in the preceding .section, 
it appears that we liavt* the power of allowing the air 
which h»» ascended from the larynx into the pharynx 
to escape either through the nasal or through the oral 
cavity, and at the .same time it was shown that the 
course of the current diifered with the different articu- 
late sounds. 

The nasal cavity is of the two the most simple in 
eonstniction, being formed of immoveable, rigid walls; 
its inffuence on the formation of articulate sounds is, 
therefore, uniform. 



. The forrafttion of indepeadent noises or tones — that 
is to say, of any which could 4)0 emplo/ed as articnlate 
sounds — is rendered impossible by such a construction. 
The only sounds which a normal nasal cavity is capable 
of producing are — • * 

(1) A blowing sound, wheb the current of air is 
driven through the open nasal cavity with con-^ 
siderable force— -a noise generally called snorting. 

(2) A hissing sound connected with a more or less 
pronounced whistling tone ; it is produced at the 
nostrils, and re<inires that the nostrils should be 
pressed together so as to leave only a narrow slit, 
as in blowing the nose. 

. As, however, the latter sound can only be created with 
the help of the finger, and the former possesses no value 
as an articulate sound, they need not occupy our attem* 
Uon any longer. 

Wo can here on)y consider the air-passage, properly 
so called, of the n^al cavity, becanse it alone forms the 
channel of the current of «ir. This space may be 
roughly described as funnel-shaped, and its lower wid! 
(the hard palate} as horizontal in the usual positiem of 
the head. The upper wall starts from the postcKior 
pares and rises, following the concavity of the^rniddle 
turbinated bone, gradually upwards, and is at i^aatenbr 
extremity about half as high again above the Ijpor of (die 
cavity as it was at the posterior nares. The anterior 
extremity of the space thus marked out by 1h:e middle : 
torinnated bone lies in close prmdnufy to tim hobk)^ 
side of the dorsum of the nos^ agabest whic^ 
quently, the current of air must strikoy after 
forced almost at light an£dM ^ou|^ the nar^^ 
cd. the' noshrih'llMrmifi^''W^ its;^wey:^]||||j||^^ 

open air, A ^ehi^ idae of the form of 
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be easily obtainec? by luaMng a faunel of paper, completely 
closing the wiile, eml and piercing a small hole irame« 
diately below it. The ipner wall of each nasal air* 
passage is formed by the straight septum of the nose, 
and is therefore lUso straight ; the outer wall, on the 
contrary, bulges out considerably, so that in a horissonial 
section the narrowest parts are before and behind, and 
the widest in the middle (ef. Fig. 81). In this widest 
part tlic passage is imperfectly divided into two parts by 
the so-called lower turbinated bone. 

We must, however, observe further that these wjills 
of the air-passage are not perfectly air-tight, but are 
pierced by canals aud orifices leading into side chambers. 
A narrow slit upon the inner .side of the rcjof between 
the septum and the free edge of the middle tvirbinaicd 
bone leads into the long narrow space which is lined 
with the olfactory mucous membrane, and also opens 
into the hollow side of the dorsum ,of the nose, KeiU* 
the posterior nares the spheuo*ethm04ial sinus leads to 
the sphenoidal cells, and tfhe .superior ethmoidal fissure 
(at first united with the spheno-ethmoidal sinus) to the 
posterior ethmoidal cells. At about the middle of the 
outer side wall the inferior ethmoidal fis.sure leads to 
the anterior ethmoidal cells aud to the frontal sinuses. 
In the same fissure, or .separated from it, an aperture 
leads 'to ihe antrum, and behind the back part of the 
inferior turbinated bone lies the considerable opening 
of the Eustachian tube, wliich leads into the tympanum 
amd its side chambers. 

Thus the air-passage, with its two narrow oi)ettings 
and intermediate greater width, possesses the gener^ 
form of a refionator, and there can he no doubt but that 
it has* a corresponding influence, and that the tones , 
with which the air passing through it vibrates ai^ 
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strengthened by its resonance. The larger the nasal 
cavity the more powerfol the resonance, and, conse> 
tjucntiy, tlie reinforcement experienced by the tone. 

Besonance being the only Influenee exercised by the 
nasal cavity upon the formatien of aftieulate sounds, it 
follows that all nasal sounds — that is to say, all sounds 
passing through the nasal cavity — must 1)6 accompanied 
by tone, being produced in the larynx and reinforced by 
resonance in the nasal cavity. In consequence of the 
peculiarity of the walls of the nasal cavity, it appears 
that sounds uttered with the nasal resonance, particu- 
larly the nasal vowels, are fuller and more ample than 
the same sounds when strengthened by the resonance 
of the cavity of the mouth. The general impression of 
fulness and richness conveyed by the French language 
arises from its wealth in nasal vowels ; and it is for this 
reason that second-rate tragic actors like to give a nasal 
resonance to all the vowels in the pathetic speeches of 
tlieir heroic parts.. 

We have still to consider whether, and how iar, the 
side chambers of tlie nose, among which we may*inclade 
the chamber of the organ of smell, take part in the 
pibduetion of this resonance. 

That they do so in a certain indirect mOnuef tbe^ 
can })e no , doubt. The manner in which the^ are 
arranged causes the bony walls enclosing the Hopper and 
outer side of the air-passage to be extremely thin, and, 
moreover, to occupy such a position as to have the air- 
chamber of the air-^passage on one side and the^^^^ 
chambers of the side ehambere,partietda£ly the ethuatd^ 
cells and the tmtrum, upon the other. Now, sii^ee; llid? 
septum Avhich forms the 

is also very ihUi, it foUpe^^^ gi^ater 

^alls of the aii^ssfife are pecadhuly^ 
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ttp musieal vibftitions, anti iboreby to reiiilcHi^e the 
resonauce. Tb« itt>or of tlie naaal ea'niy. the hard 
palate, also takes part in thie reinforcement, but diffcra 
from the other walls in its thin places being little ex- 
posed to the surface. 

This kind of participation in the resonance of the 
nasal cavity cannot, however, be claimed for the other 
side chamlHrs ^frontal sinuses atid sphenoidal cells), as 
they lie too far off. However, since tliese cavities are 
of some size, and it is, moreover, possible that all these 
secondary cavities may exercise a common influence 
upon the importance of the nasal cavity, it will be well 
to hx)k for a relation to the air-passage of the nasal 
cavity which will be common to all the s*»condary 
cavities. Fr*>m this |K)int of view it is a remarkable 
fact that the approach to all those side chambers is free 
to the retunung, but not to the entering, current of air. 
This curious circumstance has Im?ci^ already alluded to 
in the anatomical section and explained, as shon'ing 
that the side chainl)erB mvst serve to warm the et»tering 
air. Without interfering with this view of the value of 

side chambers, we may see in this peculiarity an 
evidence that by this means the air contained in tlje 
side ebamhers is able to take a more direct part in the 
resonance of the nasal cavity, the easy approach to the 
side tfliarj^ers for the retuniing stream of air rendering 
it possible for the latter to impart musical vibrations to 
the air, and also to the wails of the side chambers. It 
is, however, further possible that the resonance of the 
nasal cavity may he transmitted to all the bones of 
the sknll, and so find its way to the air of these air* 
chambers. 

Ti)p air of tlte chamber .of the organ of smell can| 
throngh its narrow connection with the air-pas8age> : 
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Gomo into difoct contact with the vibrations of the air 
contained in the latter. It is not, how^rer, immediately 
oi}en to the returning enrrent air. 

If, therefore, we attribute this im{»ortance to the side 
chambers we have t» the naml cav^y an exceeding 
comyrehemive remnance apparatm, the influence of which 
upon the formation of articulate goundti must neceesarily be 
very important. 

The nasal resonance is an essential and characteristic , 
Component of certain articulate sounds, particularly in 
the languages nearly related to us, of the French nasal 
vowels and of the so-called resonants, the sounds, 
namely, which we call wt, n, g. 

Is its participation in the formation of articulate 
sounds to be limited to this? The difficulty of this 
question is increased by the impossibility of solving it 
by direct experiment. We shall, however, see our way 
more clearly to the rfinswer if, we approach the question 
from another side^ The resonance of the cavity of the 
mouth plays a very important part in the formation of 
all other articulate sounds, while the air is prevented 
from directly entering the cavity of the nose. therein 
fore, the resonance of the nasal cavity is to take ^uri in 
the formation of these other articulate sounds, it dn onl^ 
do so by the resonance of the cavity of the mouth IlK^g 
transmitted4o the mmal cavity. There can h^ iio*douht 
as to the possibility of this process, for^ on thb one handi^ 
the vibrations could be transmitted*' through the soft 
palate to the nasal cavity, and, on the other handle tito 
haM palate which vibraW with the resonance of tlj» 
mouth may impart its vibrations to the air of the liaflaU 
eavily. Should this prove to he the case, u 
will he found betweeii the resonance* thus^ t^^ 
from the cavity of the mcutit t^ 
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that which occup when the entire current of air passes 
throngh the no-^>; for in the fii-st case the air present 
in the nasal cavity is a tji^iescent layer, in the secuud a 
moving current. The rehition, therefore, of the nasal 
cavity nnist, if it’.rt'ahy takes part in the resonance of 
the cavity of the mouth, l»e sunilnr to the relation of the 
side fhaiubers of the nasal cavity to the cavity itself, as 
they also are tilled with a <{uiescent layer of air, which, 
separated from the siir-j>assage by thin walls, is thrown 
into ,symi.‘iithctic vibrations with the resontuiee produced 
in the latter. 

\\’e shall, tliorefi>re. without further he.sitation, adopt 
the view tluit thi' rrmniiiift- of the nasal eavitp imIso plnya 
a jHirt in (he fitrmatum ttj nan- nasal arlirulate sounth ; 
tliat, howt vtr, it tiien only appears as a rein/arcfmmt i>f 
the rtsonanet' of the earitif aj the tnauth, and dcHJS not 
assume the spcciiie character which distinguislies nasal 
sounds. 

The directly excited nasal resonapee does, however, 
sometimes play an immediate part in the formation of 
all artilbnlate sound.s, giving to tiie latter the character 
to which we apply the term “ nasal twang." 

The general ciuiei-ption of this mode of speaking is by 
no meStJs scientiiically correct, the ordinary acceptation 
of the tenn •‘na.snl twang” embracing every species of 
pronunciation in which the nasal element asserts itself 
with undue |iromirience. It may, however, arise from 
two difTerent caust^s ; firstly through a stoppage of the 
nasal cavity, or secondly tWough insufiicient opening of 
the nasal pjtssagc. 

The closure of the nasal passage can be accomplished 
in different ways. After the voluntary closure of the 
nostrils by |)re,ss«re with the finger, the most cotpmon 
example is the obstruction of the passage by a foreiip v 
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bQ<iyf such as accumulated mucus, {>o]^^s, etc. The 
effect of such a stoppage is* twofold./ One result is 
purely mechanical. During <y?rtain series of sounds, in 
which the ascending air cannot escape with sufficient 
ra]»dity through the lips, an accuraujation is produced 
at the hack of the cavity of the mouth ; when the air- 
passage is in its normal condition this accumulation is 
hot evident, because from the frequent removal of the 
soft palate in continuous speech the air can easily 
eseajie through the nasal cavity. When, however, the 
means of exit is closed in that direction, the accumu- 
lation Ijccomes unpleasantly perceptible, and must be 
r^uced in hulk through the passage of the cavity of the 
mouth, which causes, however, a temporary obstruction 
in the flow of speech. Gzernvak * mentions a very 
remarkable example in the case of n girl whose soft 
palate lind so grown into the posterior wall of the 
pharynx that the «'ntrance to.the nasal cavity was com- 
pletely closed. The obstruction of the nasal cavity acts, 
secmidly, upon the pronuncifttion by altering the re- 
sonance, for in the formation tff nasal sounds tlfe air is 
entratqied in a closed space, being in the end obliged alssi 
to escape through the cavity of the mouth; the na^ 
sounds are, therefore, formed imperfectly and falsel^^ 
Finally, there is no doubt that the alteration in the fpnh 
of the cavity has a very considerable modifying inl^uenee 
upon the part taken by the resonance of the hose in: that 
of the mouth. The same disturbance is also producedi, 
though in a less degree* by the partial ohstruction of the 
nasal cavity which is experieheed during a ” cold in thh 
head " from the swollen eonffiition of the mueous .n^ha* 
brane and firom its inthetu^ 

* l^nicrkttniiDea ab«r die Bfldasr elni«a 

•uehosgea sur KetaiMkra a; a «. (htmlalMd 
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Tbe impropt^ escape of air through the nasal cayity 
is most striking in persons suffering from that defeot 
Imown as cleft pahito," especially when the divisiou is 
continued into the hard palate. This defect naturally 
renders a perfect closure of the nasal cavity impossible, 
and therefore a iK>rtion of the air must escape through 
the nose during the formation of all articulate sounds, 
thus iuipartiug a nasal intonation to the vrliole manner 
of speaking. The escape of air will naturally be espe- 
cially great in those sounds, the formatiou of which 
depends upon a compression of air in the cavity of the 
mouth ; in attempting to form such sounds as, for in- 
stance, ii or />, the air may l>e heard escapitig through tbe 
nose with a distinct blowing noise. It is evi<lcnt tliat 
a good pronunciation may thus be prevented in many 
ways ; now, however, we are not concerned in examining 
them more closely. 

A nasal twang may l>e often obsenred unaccompanied 
by any such grave defect, though it i« always caused by 
insufficient contact between the soft palate and tln- 
posteribr Wivll of the phaiynx, a portion of the current of 
eir being thus allowed to escape into the nasal cavity. 
This inijjcrrfect closure may he due to such unimportant 
causc^as a too .severe tension of the soft palate, which is 
prejudiciiU to its mobility, or sw'ollen tonsils, which impt«do 
the elevsi^ion of the soft palate ; or it may only arise 
from a bad habit of not raising the soft palate sufficitmtly 
— a habit which may be {jecuiiar to an individual, or may 
extend as a peculiarity in dialect over a considerable 
area. 

ft bas already been observed that in individual cases 
the contact between the soft palate and the wall of the 
pharynx may he somewhat imperfect without being pre- 
judicial to the 'formation of articulate sounds. That tbe i 
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eff^t of a very imperfect contact will be a naeal twang is, 
however, an ascertained fact. • It will, /therefore, be in^ 
teresting to know to what extent this contact may be 
broken without injuring the articulation. The experi- 
ments of Passavant* will give ns the ^Ished-for informa- 
tion. He first discovered the fact that the soft palate 
might be removed a certain distance from the posterior 
wall of the pharynx without interfering with the articula- 
tion, hut that when once this limit is passed a nasal 
intonation ensues. He proved this in the following 
manner : — A thread was, with the help of a small tube, so 
p^sed behind the soft palate, that one end protruded 
through the nostrils and the other through the mouth. 
When the pure vowels were uttered, the thread was found 
to be held fast by the soft palate. Both ends of the 
thread were then pulled, thus removing the soft palate 
from the wall of the pharynx ; the vowels were again 
uttered, the soft palate being gradually removed from 
the wail of the phprynx; at first no change was observed, 
but at a certain point the 'nasal intonation became 
suddenly perceptible. • * 

In order to gain more accurate information about this 
distance, Passavant made the following expeziumnt:^ 
Pieces of indiarubber tubing 5 cm. (1*95 ifich) Iblig 
placed behind the soft palate in such a manner that 
when the latter was raised they would be pres^ against 
the posterior wall of the pbaryax. For the better 
a^justmeut of the tube a thread was* fastened at eitl^: 
end, one protruding frem thVnose, the o^er ftom W 
mouth. The experiment was made with three tdb^;:^ 
the first of which had a sectiptml area of 3*14 
('0048 sg. inch)i| seeoiid 12746 8^ 

28*27 sf, mm^ two first tubes prodni^^i^^ 

. . * IToliiir djs iTaiiflkhsiiwiikdai 
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<moe. When the tlur<l was adjusted tli© naatU intonation 
was obaenetl in a number of consonants, but not in the 
vowels. Thus tiie “ nasal twang ” in this case began to 
appear with an aperture of, roughly speaking, about 
80 8i|. turn. ('045 Sti. inch'. 

A ease observed by Brticke * shows, moreover, that 
it is jH'tssiblo for speech to be produced with tolerable 
purity when the soft palate is entirely wanting. As this 
was only accomplished with Uie ai«i of a special appliance, 
it cannot, howev4*r instructive it may be in itself, have 
any l>earing upon the tjuestion before us. 


The Cavity of the Mofth. 

The cavity of tlie mouth differ.s essentially from that 
of the nose, in its walls being less rigid and its construc- 
tion more mobile. Except the hard palate and the 
alveolar prt>ces.ses of the .two jaws, the wails are all 
yielding, and as they are further lined or acted tiffon by 
muscles they are extremely mobile, thus enabling the 
cavity of the mouth to assume a great variety of forms. 
gtUi it so far resernldes the nasal cavity tlial it is a 
cavity whicli has a low posterior entrance between the 
Soft palate and the root of the tongue, which is still 
further contracted by the pillars of the fauces on either 
side, and*^lhat anteriorly it has also a narrow opening, 
while the middle portion is of much greater dimensions. 
Th«.s the cavity of the mouth has, like the nasal cavity, 
the form of a rfc.sonator, and the air contained in it I* 
capable of es.McntiaUy reinforcing sound by resonance. 
Thi.s resonance, however, can never be as strong as that 

* Nj^h^brift m ,Kn(l«Ut»*t Ahhftndtnng. (RitnuinbciiclUa Uwr:‘ 
wmmr AbAtic'iitic) matbeuuitiwlk • utoiririiiMttachAfUlcAe KUmmm—: S 
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of, the nasal cavitj, because its soft iwalls cannot so 
readily take it up as the thin, bony i^dls of the nasal 
cavity. The influence exerci{;ed by the close proximity 
of the nasal cavity in reinforcing the resonance of the 
cavity of the mouth has already been fliseussed. 

The sliape of the cavity of the mouth, when in its 
guicsceut condition with the jaws closed, mav^ be described 
as a short oval enclosed by four walls ; i.e. (!' the floor, 
(*2) the roof formed by the bard palate and the soft 
palate, and (3) and (4) the two side walls formed by the 
ebeeks. 

This form is, moreover,, subject to important modifi- 
cations. 

Thus, in the first place, the alveolar grocesses of the 
jaws as well as the teeth project far into the cavity just 
at the boundary between the roof and the side walls, and 
between the floor and the side walls. They form upon 
the upper as also upon the l^wer jaw a parabolic curve, 
which lies almost .parallel with the lateral and anterior 
periphery of the cavity of the’ mouth, leaving, however, 
the buck part of the latter free. The hindermd'st jukrt 
of the cavity of the mouth is, therefore, uniform, but the 
greater middle and anterior divisions are separated 
by the highly projecting alveolar processes and te^ 
into two spaces, one of which (the cacum buccarg^, or 
cavity of the cheeks) is situated between the lect£ and 
the alveolar processes, with their coating of muiroua 
membrane (the gums) on the one side, and the ebeefcs OJU / 
the other. The se<K>nd space*(the cavity of the month# 
strictly speaking, or the oral is, on the contra^,; x 

bounded by the alveolar processes and teeth <d- h^ 

jaws. When the teeth fum closed# t^re is r^^^ 

muntcation betwe^ the 

still remaine between ; 
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direct contiijuati^ns of the posterior undefined dniRWh 
of the cavity of|the month, and are, therefore, placed 
in tlirect communication with each other through the 
passage h> the latter behind tiie hiudermust teeth. The 
cavity of the cheekB may be roughly divided into two, or 
rather three parts ; firstly into the space hetwe«-u the 
molar teeth and the cheeks, and Beeumlly into that 
Wtween the incisors and the lips ; the first may he con- 
sidered a.s the cufitt/ of th<' cktwks pro|)er, the latter the 
ftirify >H ih^ tipg. 

.A,s in the following investigjitions considerable im- 
portance will attach to thcse.divisions, it will be well to 
mention them again, that the terms used in future may 
convey a distinct idea of the part intended. 

The whole ca%'ity between the soft palate and the lips 
is called Me cariti/ n/ the numth. 

The undefimrd bjick portion of tin? latter, bcta'c^m 
the soft paiate and the himlermost molar teeth, Me 
posterior ruriti/ of the mouth. < 

Tht^ space enclosetl by the teeth, the inner cavity of 
the mouth, or orul covit;/' 

* The space between the molar teeth ami the cheeks, 
the cavilp of the eheeks. 

The space between the incisors and the lips, the 
ecuahf e/ the lips. 

The j^sterior cavity of the mouth is liordered on 
either side by thti, ascending portion of the lower jaw, 
and by the internet pterygoid muscle lining its inner 
surface. It is, therefore, no wider than the oral cavity, : 
and the transition from its lateral wall to the inner 
snrfaco of the cheeks is accomplished by a sndden benCv 
outwards between the posterior margin of the «Mcet}ding> 
portion of tbe jower jaw and the last molar teeth. 
oral,cavity follows as a direct oontinnation of the poisii 
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te^ior cavity, while the cavity of the cheeky is sitaatcd 
on either side outside the mohur teeth.» In hront of the 
oral cavity, and separated frpm it by ihe incisora, lies 
the cavity of the lips. It is worthy of remark, that when 
the teeth are closed the cavity of the* lips is not so en> 
tirely separated from the oral cavity as are the cavities 
of the chcjcks ; fpr the molar teeth of the upper jaw close 
exactly upon those of the lower jaw, shutting off the 
cavity of the cheeks with great precision; but when 
the teeth are closed, the incisors, on the contrary, of the 
upper jaw overlap those of the lower jaw, leaving be- 
tween the two rows of incisors an almost vertical ^snre, 
which thus connects the oral cavity with the cavity of 
the lips. 

It follows, from the relative positions of the spaces of 
the cavity of the mouth, that the air passing under the 
soft palate into tlie oral cavity passes out titoough the 
cavity of the lips, >v4dle the cavity of the cheeks merely 
occupies a lateral position. This fact becomes the moxe 
striking when we remember that, before using the cavi^ 
of the mouth as an air-passii^e, the obstruction pi^ 
duced by the overiapping of the incisors is removed by 
opening the jaws, and that when this is done the jcheek^ 
are drawn tightly over the molar teeth, by which means 
the cavity of the cheeks is cither entirely or paintiaily 
destroyed. • ; 

Before investigating the importai||k modificaticass xa 
the form of the cavity of the mputh caused by the tongi:^ 
it will be well to ^nslder the various ways, 
one just gpven AS iypujsi, in whi<db the cavity iff 
mouth may he need as an Aiir-passa^ and tiieiv r«3al|^« 
to, the sounds' prodneed. V 

The most necessaty condition fe# Ihe^ ailiii 
the cavity of the moiith .aa an air^-|assa^ 
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lips should eithoi bo actually openod, or so liglitly cloaod 
that the stream trf air eau 'easily break the contact. We 
shall presently eousider the various noises which may be 
prodncesl by the air passing through the Hps, and need 
now. therefore, luajio no ftirther remark on tlio .subject. 

It is possible to allow the air to pass only through 
tlie passage just described when the teeth are closed, 
if the cheeks are drawn closely across the molar te<dh 
by the bucciniitor muscle. The air then streams through 
the slit between the two rows of incisors with a hissing 
noise. 

If the tension of the eheek.s is diminished by drawing 
back the comers of the mouth, the stream of air can 
also pass through the cavities of the cheeks ; and, indeed, 
the greater portion will follow that course, if a strong 
expiratory effort drives forward .such a mass of air tliat 
the oral cavity is filled to excess, and the air which 
cannot escape through the fissure between the rows of 
incisors nishes through the outlet affoRded by the cavities 
of the cheeks, A streani of air taking this direction 
give.s rise to a rushing fioise in the cheeks, sometimes 
scarcely perceptible, l>ut which may he vioy lond when 
produced by a .strong current of air. In the latter form 
it is employed to mimic violent anger. 

When the teeth are separated, the current of air can 
pass out anhindered. The cavity of the cljeeka may at 
the same time la- blither destroyed by pressing the eh<M>ks 
upon the molar teeth, or Retained by drawing hack the 
angles of the mouth. In both cases the air pai^cs : 
througli with a scarcely |>erceptihle breathing sound, or/ 
if the current is strong, with a louder blowing noise. 

If the lips are sufficiently compressed, the cavities 
the chtck.s may la? fully expanded by the expired ctirresils 
of air either w'itb closed or open teeth, and the air 
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only be driven through the narrow aperture of the 
mouth by the help of the buccinator muscle. No cha- 
racteristic noises, except thos^ caused the compression 
of the lips, are, however, occasioned. 

The most important modification jh the form of the 
cavity of the mouth is, however, produced by the 
elevation of the ion(jue firorn the floor of the cavity. 

It lias already been observed in the anatomical 
section that the chief part of the substance of the tongue 
t'onsists of a bundle of muscular fibres, which raises 
the mucous membrauc forming the floor of the cavity of 
the mouth into a long fold from the hyoid bone to the 
lower jaw. Some of these fibres are quite free, and 
traverse the tongue partly in a longitudinal, partly in a 
transverse direction. These muscles have the power of 
altering the shape of the tongue in a great variety of 
ways, forcing it to become short and thick, long and 
thin, or bending it towards either side. The other fibres 
of the tongue arp the terminations of three muscles^ 
with fixed points of origin-*-the ffmio-hyo-gloMwg, the 
hijO'tfhsma, and the »tyln-Qhmm^ih& fibres of which 
spread out in the substance of the tongue, and mingle 
with its inherent fibres mentioned above. The action cd 
these muscles serves principally to alter the p<»^tion <i^ 
the entire tongue, by drawing it upwards, downwards, 
forwards, backwards, or to either side; ^ secondary 
action they also influence its outward eonformatibn by 
strengthening the action of the inhei^nt muscular fihr^ 
of the tongue. Again^ iires^tive of the actions of the 
muscles just mentioned* the tongue is subject to eem 
siderable elevation or depression from the diaphhagB]«tie^ 
muscles of the floor of the cainty of the mouth,, m 
the the 

4t^us(rio~^through aottoa of 



THB 0BGAN8 (wr 

upwards; and from ihe museles which draw down the 
hyoid bono — the atemo-kyoul, the tterno-thproid, tlie 
tkyro^hyvid, and 6!ie oiao-hjioid-r-th^ combined actions of 
which draw down the hyoid bone, and with it the floor 
of the cavity of th^> month. 

The body of the tongue lies as a thick fold upon the 
entire floor of the posterior cavity of the mouth and the 
oral cavity. The posterior portion, or root, is thinner, 
and fvtrms the floor of the posterior cavity of the mouth ; 
in the oral cavity it is slightly raised from the floor, 
standing apparently upon a short, thick sten>, somewhat 
resembling that of a mushnx»iii ; the foremost part, or 
tip, is, on the contrary, much more free and mobile. 
The hindermost part of tlus under surface of tlic free tip 
is attached to the internal surface of the lower jaw by a 
small longitndinal fold of the mucous membrane, the 
,/renMf« Uwmr, and similar bands, the y/ojMo-r/m/foMic 
ligaments, unite the ita)t of the tongue with the upper 
surface of the epiglottis. 

When at rest the tongue flits almost the whole space 
included in the jmsterior. cavity of the mouth and the 
o^aJ cavity, lying lightly against the teeth on either .side, 
and at least touching the soft palate above, thus leaving 
only a narrow fissure between its surface and the bard 
palate. lJut even in this circumscribtsl {msition it can 
displa)' its^vxtraord inary power of mobility, for with its 
tip it can touch almost any point of the roof and lateral 
walls of the oral cfbvity as w'cll as the fore part of the 
floor. * 

It can exercise its mobility most strikingly, however, 
when the jaws are separated and the mouth opened ; for 
then the tip commands the whole of the cavifios of \ 
the cheeks and of. the lips, and, protruding beyond tlie , 
lips, can even* touch the outer suiface of both, and ^ 
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also the ekin of the cheeks adjoining the angles of the 
mouth. . * 

.We need not here speak of the influence exercised by 
the tongue in its variety of shape and position npon the 
expiratory current passing through ^tbe cavity of the 
month, as we shall have to allude to it more fully when 
discussing the formation of articulate sounds. 
m For the same reason we shall defer the examination 
of the posterior closure, effected by the soft palate and 
the root of the tongue, and the anterior closure by the 
lips, with their characteristic peculiarities — those, at 
least, M'hich have not already been mentioned. 

Thk SiPERioB Cavity of the Larynx aso the 
Pharynx. 

Having now gained some acquaintance with the 
cavities of the nose and mouth in regard to their relation 
to the expired current of air,H remains for us toexamioe 
from the same f omt of view ^he passaj^ which the air 
has to ascend when leaving tbe^lottis, before it can entm^ 
one of the two cavities, which are of such impoxtance ^ 
when it is to be employed in the formation of artionhile 
sounds. » 

We need scarcely say that this course pursued hy ^a 
the current is first through the superior cavity nf th<a 
larynx, from which it passes inhi the ph&Tnx^ 
thence either into the eavity of the mouth or the 
cavify. ■ . V • . 

The general eonfeurmation of the st^perun^ 

Uirynx is the same as we have noticed in the cavrj^ 
the mouth and nose. It is a hroad^i^^ 
entrance, the gloiftis ; to 
Planing of the laiyiix. . Tl^ 
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uator. We shall, therefore, be jnstiiied in asserting Uiat 
as soon as a tone is formetl in the glottis it is reinforced 
by the resonsuice of the superior cavity of tlie liuynx. 
This space, moreover, is to some extent complicated by 
the so-called veiitiiicles of .the larynx. In the anatomical 
8t»ction those cavities have already been described as 
pouches situated immediately above either vocal chord in 
the side wall of the superior hiryux ; as, moreover, they 
are called into existence by the tension of the vocal chords, 
strictly speaking, the effect they produce is to give to the 
vocal chord a sharp edge, which places it at once* in a 
position to he employed as njj aj>paratn8 for the j)rtMluc- 
tiou of tone. We must, howev« r, further regard them 
as air-chambers situated imme<iiately above the vocal 
chords, and shall give the more importance to this new 
when we observe that these pouches are greater than is 
neccHsary merely f(.>r the iibeTation of the vocal chords. 
They eouuncucc, namely, ujkui the ipmr .surface of the 
upjjer cavity of tlie larynx a.s a narrow crevice. }>er- 
hap.s 3 mm. ("1 17 inch) ^jigh, the ends of which arc 
rounded off l)oth behind tvul before. ^Vitltin this crevice, 
however, these euvitie.s are formed in such a manner in 
the anterior portion of the mucous nicmbrutie lining the 
upper cavity of the larynx, that their ui>per margin is in 
front near tlie thyroid cartilage 10 12 mm. (*.'19 - *47 inch) 
above *tb«j vocal tdiord, descending backwards till their 
posterior end re.sts upon the arch of the vocal chord. 
The width of the.s(5 ventricles from within outwards is 
abont 5 mm. (’19.7 inch),* The space enclosed by the 
ventricles is, therefore, considerable ; and when they are ; 
fully (expanded, the mneous membrane, in the fore part 
of which they are situated, is so forced into the sui^^rior 
cavity <if the larynx that this portion of it is rather ' 
narrower, and only uUuins its fuU dimensions above 
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level of the ventricles. We may well suppose that part 
of 0ie air ascending from the glottis laden 4ith musical 
vibrations will be caught in tliese ven^icles, and there 
produce a reinforcing resonance. This, however, is not 
all. These ventricles are in .direct ^contact with the 
mucous membrane ; tlierc is, therefore, between them and 
the cavity of the upper larj'iix a thin band composed of a 
fold of mucous membrane, the lower margin of which 
forms the upper lip of the entrance into the ventricles. 
This margin is inaptly termed the superior voc<d chord. 
Now’, w'heu the ventricle is expanded by the stream of 
air wliieh rushes into it, this band is stretched, and in 
this condition is exactly fitted to take part in resonance 
ribratiotis. 

Wo are, therefore, justified in sajung thit we have in 
the veulriclcs another reinforcing apparatus which has 
special reference to the superior cavity of the larynx, irre- 
spective of its imporjance as giving free room to the vocal 
chords. This cannot, indeed, l>e proved by experirnent, 
several experiments upon the •“ superior vocal chords’* 
having prt,>duced no saiisfacbery results. W’e» must, 
therefore, at x>resent be content with the above theoretical 
deduction. 

The pharyngeal orifice of the superior cavity •of vthe^^ 
larynx is almost vertical. The air issuing from it does * 
not, therefore, j)ass directly upwards, but first strikes 
against the jmsterior wall of the lowest portion of the 
pharynx-r-that, namely, which is m*eon^t with the 
vertebral column, following trhich it necessarily ri^ 
upwards. The air i8,%bwever, in some measure dhrebted 
upwards by the oonformetion of the pharyngeal oriifi^; c4( 
thelarynsi. Thiserifieem^widest at itsnppet'fflad^^t^^ 
lies at some dlstaneb from the vertebrid^ccdhiiin* t^ 
being there pushed apart by the epiglottis i^e 
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jmrt of the current of air will, therefore, escape through 
this upper portion, amL necessarily take an upward 
direction- tile more so as the inferior surface of the 
epiglottis is concave from side to side, and its free margin 
curved forwards. Tiiese peculiarities give to the current 
of air i.<suing from the pliaryngeal oritice of the superior 
cavity oi the Iiuyn.x a more upward ilirectiou than from 
the |>osition of this oritiee we should be led to expect. 

If the soft palate is deprcsseil, the current of air 
strikes the base of the skull at tlw arched roof of the 
pharynx and then pa.sse.<i into the na'al cavity. 

If, on tht> oth**r hand, the soft palate is rai.sed, and 
the na.sal portion of the pharynx consoijuently cut olt, 
the current of air .strikes against the lower surface of the 
soft palate and parses into the cavity of the mouth. 
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CHAPTER III. 

TKE FORMATION OF ARTICULATE SOUNDS. 

Auticcuate Sounds. 

If, with our knowledge of the structure of the organs of 
speech and the physical properties with which they are 
endowed, we now proceed to inquire into the origb of 
articulate sounds, we find that our natural impulse is 
first to seek an explanation of the articulate sounds in 
general use, and then to find their equivalents in the 
letters of onr alplial>et. It Has, however, been already 
observed in the jcctiou upon voice and speech that the 
ta.sk is by no means such a simple one, and the xMiy was 
also indicated by which alone we can obtain a tnm cotn- 
prehension of articulate sounds. * 

If, from the standpoint there taken, we ^approved 
of any investigation confined to a certain number of* 
articulate sounds as resting upon a wrong foundation, 
we must here even more emphatically prote^ againat 
the idea that the letters in onr alphabet at aU correspond . 
with the number of artieulateFBoundB which we employ. 
Setting aside altogether difiereneea of dialect, and con* 
fining ourselv^ entirely to the 80>ealled hrUe pron<uMiiia< 
tion, we find that oiir alphabet la nothing nrbfe th^ l^ 
arbitrary eolleetioii dl ^te», im whioh^cm the 
^veral letters repxeaefi^^ 
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other banil, several sounds which exist as pure elcmquis 
of speech are not roprcseated at all by a special letter, 
but must be expoessed by a cotubmaiion of letters, while 
compound sounds, on the contrary, are given in ti single 
letter. The English and* French languages are particu- 
larly wanting in this correspouib noe between articulaW 
sounds and the hdters of the alphabet, but even the Ger- 
man language, which in this respect has fewer imperfec- 
tions, afforvls sullicient proof of the truth of the remark 
made above. 

Thus in the German alphabet we fijid two letters 
which do not rejireseiit a simple sound, Imt stand for a 
comiwuud one, iiamtly, x for hn or (js, and j for 
or th. 

.‘\gain, we tuul as different letters for the same sound, 
k, q, and <■ (before a, etc.), /and v, i and »/. 

C before t, moreover, represents the same coiuponnd 
soun<l wliich is expresstsl by ; in words from other lan- 
guages t has the same peculiarity. 

The letters e, q, r, t/; x. and ; might, therefore, he 
dispensed with, as there are no articulate sounds which 
especially correspond to them. If we strike out these 
letters wo have jiineteen left, which, however, do not 
represent all the simj>le articulate sounds whitdi wo make 
■ use of, and we are obliged to form combinations of lottera 
for .simple articulate sounds. The sound scA ia only 
expressed by those three letters, the guttural resonant 
by rqt, and by cA'two different sounds formed l>etweeii 
the kingue and the? palate,* one of which is producetl mowj 
forwards (as in icA), the other being more guttural (as iit 
ach). 

We might prolong this criticism upon the letters 
the alphabet ; it would, however, l>e of little interest, 
what has been 'said will suilice to show that the alphahs^ 
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canjaot be regarded as proportionate to the number and 
variety of our articulate soundai 

In spite of the incongruity's which fit is easy to see 
must be the consequence of this state of things, it is 
nevertheless the general practice to regard the alphabet 
as the representative of our store of articulate sounds, 
and thus we find that in most grammars the a]i)habet is 
given instead of an enumeration of articulate sounds. 

This error gives rise to a still greater one. It is, for 
instance, most natural that an effort should be made to 
divide articulate sounds into a number of groups so as to 
revie\Y them more easily ; hut in doing so attention has 
been paid only to the general impression which the 
sounds corresponding to the different letters make upon 
the ear, and the sounds are divided into — 

(1) Vowels: 

rt, c, i, Of u. 

(2) Consonants . 

(a) — 

liqtwU : /, m, tl, r. 

»piranUt: /, h,^, s,r. 

(b) mutCH — 

tenues : e, k, q, p, t. 
mediiV: g, ft, d. 

as2riratm : ch, phf th. 

The only reference to tW physiplo^eaU ori^ of 
sounds is generally the following division 
labiuls: b, p, ft 

guttumtii : it, q, eft, ft, y. 

A critical an^ysis of thess two methods of olas^eii^ 
tipn, which are; those omn^ i^bptdl in 
would take up mueh imm to hd ptu^bse, a^ 
fore with advantif^ be ptu^ed^b^ : * , 
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The physiological method of olassihoation is the qnly 
one by which we can obtain, from a general survey, a 
true insiglit iutoithe character of articulate sounds. And 
this may he done in two ways. We may, on the one 
hand, confine our attention to a certain series of articulate 
sounds— for instance, those of the German language — 
and then inquire into the cause of the production of the 
separate sounds, the influence exerted by the position of 
the mouth, the tongue, etc., and form categories of such 
sounds as are produced under the same or similar con- 
ditions. The investigation may he extended in this 
direction by studying the dialectic variations of the 
various sounds. This manner of dealing with the ques- 
tion undoubtedly tends merely to the explanation of a 
certain number of sounds without obtaining any satisfac- 
tory general point of view. Dialects and foreign lan- 
guages will, therefore, always offer fresh fields for inves- 
tigation, and thus it is hnjK)8siblo' for the method to 
attain anything like completeness. 

The other method of physiologically classifying ai*ti- 
culate bounds is founded upon the means which the 
KfveaUed organs of speech present for the production of 
each sounds as may serx’e for articulate sounds. Us 
object fe as far as possible to assign a place in a previ»-i 
'ou.«]y completed system to every sjWMdes of sound whicsb^ 
can be ci?;ated by the organs of speech. Lika ©very-^ 
invfstigation conducted on the a priori principle, it 
not disi^nsc with* a knowledge of the rdationa : 
which it deals — in this case a knowledge of tlie artiealallii 
sounds really in use, which knowledge, however, merel^l 
affords convenient landmarks. Th© {^stem once j?€ac|| 
fected, all articulate soonda in vtm wiU be found 
or at least may bo at once inserted itt their proper pjhie^ 

We shall nbw endeavour to give the leading feattu^^ 
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of -^uch a gystem, at least so far as it is eompatible with 
our present knowledge. * 

t 

The l^iHMENTs OF AnxicTLATij; Sounds. 

• 

The articulate sound is not a simple phenomenon, 
but is composed of various elements, which are intimately 
blended together into the apparently uniform whole, 
which we coll an articulate sound. 

The simple elements are of three kinds, nameh’ — 
Tone,* 

Noise, 

Besonance. 

The difference between articulate sotmds is partly 
due to the different degrees in which one of these 
elements participates in the jiroduetion of the entire 
articulate sound, partly to the character or property of 
that particular element. • 

Giving a wider significance to the term resonance 
than it is generally understood to possess, we ma^ assert 
that with one exception, which* will be mentioned pse* 
sently, regoiutvre pUiyn a part in the farmation nf <dl 
cvhte We must now explain and account fpr 

this wider significance. 

By resonance is generally understood the pbenomencui 
of a second body performing sympathetic ^brallona 
with the body originahy made to result 3 

that the sympatbetio vtbraiiii^s of t^ see<Miidax 7 hody^. 
produce a special imprUsmoa npmi Gie organ hiaii bB g Sv 
It may foUow from the properties df the bodjr perfiM a^ 
the secondary idhrations thUi the eff^ upon 

: / - * OenoM, tim. .,1%e 
Ity th« vibrnUon of tbs vwsl 

,«.*«iee.”.-.Ta,. ^ ■ ■ -- v,, ■ 7 .;? 
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teiU be the same as tliat produced by the body per- 
forming the primary vibratioiis, in which case they will 
blend to form a single impression, the former merely 
reinforcing the latter. It may, however, happen tliat 
the body performing the -secondary vibrations is unable 
to reproduce the primaiy vibrations perfectly, and tlien 
its vibrations make a different impression upon the ear. 
We need not, however, inquire more closely into these 
peculiarities, as they do not imtuediately concern the 
question before us. The impression upon the ear pro- 
duced by vibrations assumes the character of a lotu' 
(musical strand) when the vibrations are regular or 
synchronous, and when a sullicient number of separate 
vibrations take place in a given interval. If either of 
these conditions is not fulfilled, tlic impression of noise 
is made upon the ear. We generally con.sider resonance 
in connection with tones, because the laws by which it is 
governed here receive the truest development, and Ire- 
caosc, again, it derives its greatest injportance from its 
connection with tones. We must not, how'ever, overlook 
the fa<ft that those vibriitious which only give rise to 
uoises have the power, as we know from experience, of 
causing secondary vibrations ; at the same time it must 
be confessed that this .species of resonance has not been 
'much investigated. We may, therefore, give a somewhat 
wider interpretation to the terra r<;*fionance than it is 
generally understood to possess, and distinguish between 
tone-resonance and* noise-resommcc. 

Articttlate sounds will, 'therefore, faU into one of the 
three following categories according to the character of 
their composition from the above-mentioned elements 

(1) Tone.s, / 

(2) •Noises, 

(3} Mixed fJaunds»or combinations of tone and noise. 
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. The formation of the tone, and also of any partienlar 
noi’se, is always connected with a certain part of the air* 
passage, and the accompanying rcso^nance is as per- 
ceptible in that part of the air-passage which eondncte 
the air to the larynx (the ‘i porte-^ent ”) as in that 
which carries it off (the resonance tulie). 

It has already been shown at what parts of the air- 
passage the prod action of true tones is possible, and at 
the same time it was observed that only those tones 
which, among the possible methods of prodaetion, are 
produced in the larynx, can be employed for the for- 
mation of articniate sounds. The character of the 
larjmgeal tone, except as regards its division into chest 
and falsetto notes, is always the same, for differences in 
pitch and intensity are of no consequence when it is 
considered merely as a tone; but when the tone pro- 
duced in the larynx, carried onwards by the current of 
air, is accompanied by different kinds of r^onance, it 
becomes so changed that it can give rise to a whole 
series of articulate sounds. This modifying resonance, 
however, as has been aheady shown, is effected by 
the cavity of the mouth and the nasal cavity, and tilths 
the tone-sounds may be still further divided into— 

(1) Resonants of the cavity of the mouth, jpare iNiireb -’ 

a, e, t, 0, «. r * 

( 2 ) Besonants of the nasal cavity with & 

open, nosaf eoaels ^ vntb ^e moutii shnti 
mints ; m, h, tty. • 

The last division is fonndM upon the partie^aiMph 
of the cavity of the mouth in the resohanee of the 
when the mouth may either be open, as in ^e 
vowels, or ch»e4 at diff^ent^p (the li^, 
pakie), sp that the ^rt irf the cavi^lying^ h ■ 

point., .of. ctosiue part dheetly mvi^ehw^ai^^ 
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As regards the noises which are created in tlie air- 
passages, we have already pointed oat the more unusual 
forms, which, iijoreover, cannot be employed in . the 
formation of articulate sounds. We have now, therefore, 
only to consider Utose which are easily and voluntarily 
produced, and consequently suitable to be employed as 
elements of speech. 

Now, since every noise caused bj' a stream of air is 
due to some obstruction of that current, it is clear that 
the rigid walls of the nasal cavity offer no facility for 
the voluntary creation of different noises. We have also 
seen that the only noise which can be created in a normal 
nasal cavity is “ snorting," which is caused by the 
friction of a strong rapid current of air again.st the walls 
of the nasal cavity. 

Thus, in explaining the cause of noises in the air- 
passages, we need only turn our attention to the larynx 
and the cavity of the mouth, and perhaps also to the 
laryngeal and oral portions of the phqrynx, for the great 
mobility of these parts affords every facility for the most 
varied obstruction to the* current of air. 

, Let us first consider under what conditions a current 
of air can create a noise in a long, narrow chamber of 
variable form, and we shall find — 

(1) If the cavity, though at one point narrower, is so 
wide'opep that the current of air meets with no ob- 
struction of importance, a gentle, quiet current will pass 
through noiselesdiy; but when a stronger ourrent is 
impelled through the cavity with increased rapidity, a 
fricative noise, due to its friction upon the walls of the 
cavity, and corresponding in loudness to the force of the 
current, will be created. 

(2) . If the cavity is so narrowed at one point that the 
current of air^n passing is very much compressed, the 
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frj^Uon of the air tipon this part of the wi^ produces, 
with a slight effort, a rushing noise, with, a stronger 
effort, a hissing noise. ^ ^ 

(3) If two opposite parts of ihe walls are so ap* 
proximated that they come into sUgfft contact, then, if 
the surfaces thus brought into contact are large, the 
current of air will force a passage for itself, and, as long 
as it continues, will keep this narrow passage open, 
streaming through it with a hissing noise ; this form of 
noise is undoubtedly merely a modification of the previous 
;ione. If, however, one or both of the surfaces in contact are 
small, and the retreating portion of the wall adjoining 
the surface in contact is shaped like a lip, then the 
advancing air will be compressed behind the barrier till 
it is able to break through it, forcing the valve-like 
obstruction on one side, and so creating the necesstnry 
outlet. As soon as this is done the valve returns by its 
elasticity to its forsaer positipn, which it mmntains till 
the pressure of the accumulated air is again great enough 
to overcome the obstruction, ahd this process is reputed 
with great rapidity as long as tiie current laste. *Wheu-< 
ever the barrier is broken through, the suddenly ex- 
panding air rashes outwards with an explpsivc 
which is weak if the resistance has been slight, bdt 
audible when it is greater. The rapid sueeessiim of* 
these explosions conveys the impression of ayatt^ny or 
burring noise. If the intervals between these eseapes of 
air are so small that the vibrations of the obstructing 
plate follow each other with g^eat rs^di^ we havOftbe 
eonditii^ necessary for the production Of a muid^V } 
sound-ras, for inst^ce, is the^oase ih the VQ<^aiforK 
are now, however, Only^ m tho 

■for- -the ereation-ofindjhc, :and'‘needi.^ithsre^^ 
tnore' .on^ -that'.^ Siih^et,::.e8peoiaUy 
considerod' H;at;sOha^^l<nkgtiir ' . . ' ' ■■ :• 
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(4) If twQ opposite portions of the walls are so firmly 
pressed together that they entirely cut off the current of 
air, no noise can I he produced. But if the two surfaces 
are suddenly piirttnl, a noise ensues. If the obstruction 
is merely maoivd'withoutrany prtsssure from the current 
of air, by separating the surfaces in contact, a 
noise is heard, the origin of which has already been 
explained in connection with “groaning” in the section 
upon respiratory noises. If. on the contrary, the pressure 
of the advancing current of air is so great that it hreaki 
through the obstruction, the expansion of the snddenly 
issuing air gives rise to an noise. If the barrier 

is raised wlule the air is pressing upon it, a noise ensues 
which is a mixture of the clicking and the explosive 
elements. When the force of tlio current of air is consi- 
derable, the latter, when weak the former, predominates. 

(5) A similar exphmre noise is created when the air 
passing through a cavity, is suddenly entirely stopped. 
The cause of this noise is, however, different. It is, namely, 
the result of the succeediiig portion of the current of air 
striking upon that which has been sud<le«ly checked 
ijp its progress, and which, thus brought to a stand- 
still, receives the shock of the air following U})on it. 
The stronger the current of air that has met with this 
check the greater will be the concussion between the two 
divisions ‘of air, or, to use a familiar expression, the 
clapping sound. A distinct effect may also be produced 
by the contact which takes place between the obstraoiing 
portions of the wails. By observing sounds which are 
formed in this maimer — t audp, for iiistanoe — we find that 
this noise, as represented in its full value in the fomta- 
iion of articulate sounds, is aecompaaied by a alight 
explosive noise cdused by the relaxation of the mnaolea 
effecting the efosure.* 
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..The different noises ttrhich have just bei^n described 
are all employed in the formation of artic^ate sounds, 
and* form the groundwork of. the so-ci}lled consonants, 
with the exception of the sounds m, n, ng, which are 
generally included among the conso^nts by gramma* 
riaus. It will not, however, be possible to give an 
account of all the consonants which are possible or even 
in use, but, to make what follows more intelligible in 
describing the different noises, examples will be token 
from the consonants with which we are most famUiar. 
Noises (strepilttg) fall naturally into two groups from the 
time of their duration — into those which may be pro- 
longed for some time (contium), and into those which are 
momentary, being merely the result of a sadden action 
{rejteniini). The two kinds of noises may be further sub- 
divided according to the manner in which they are 
produced. 

The noises employed in ^he formation of articnlate 
sounds may, therefore, be classified as follows : — 

I. Strepittts continum. 

( 1 ) Str, cont. spiram. 

Example: />, the air passing through the 
open mouth. . 

(2) Str. cont. stridtdus* v s 

Example: ch (m oc/i, German. 
Sootch.--~Ta.), the sdr being forc^ thrutt^ 
a narrow opening between the pidato iiiiil 
the dorsum of tile tongue. 

{B) Str. cotU. vtbram, 

Exatople : linguid r, when the cuiT6ut:of 
ia d^^^ hetwe^ 

. vAhe ap^of ^i^e tougue^to 

them. 
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11. StrepitHs repentinus. 

(1) Str. rep. aniltimta. 

Example : the .peculiar clicking noise of -the 
Hottentots produced by suddenly with- 
dra\f'ug the anterior part of the tongue 
from the hard palate, occasionally employed 
by us when wo suddenly separate the lips 
to form the whispered p. 

{'!) Str. rep. explosiem. 

Example ; t, when the current of air breaks 
through the obstruction formed by the 
contact of the tongue with the upper 
incisors; also p, when the closure of the 
lips is suddenly forced by the current of 
air, as in pi. 

(8) iSfr. rep. oeclmirm. 

Example: p, produced by suddenly cl<Mung 
the mouth during the passage of a emrent 
of air, as in ap. 

The examples given in this classification show that 
all the ‘noises described 'above as j>ossible ore actually 
employed in the formation of articulate sounds. Glanc- 
ing at the list, wc see at once that the movements neces- 
sary for the production of these noises have tliat in 
common that they are based upon the appro.ximation or 
separationtof opposite parts of the air-passages. When, 
therefore, we come^to investigate the various forms which 
can be assumed in the production of these noises, our 
aim will be to discover those localities at which the 
different approximations and separations take place. 

The parts which are situated below the tongue need 
not here be taken into consideration, as the current of 
air which enters \;hc cavity of the mouth between the ^ 
pillars of the fauces is carried forwards upon the dorsum 
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of.Jthe root of the tongue, and therofore most find its 
way out along the npper surface of the tongue. Still, 
when the tongue is raised, thus blochiu^g up the natural 
path, the' current of air is obliged 4o force its way along 
the sides of the tongue and pws out Setween the lower 
surface of the tongue and the teeth of the lower jaw, and 
in doing so creates a hissing, fricative noise. This way 
is, however, not so direct as that along the dorsum of 
the tongue, and casmot, like the latter, allow the full 
strength of the current of air to pass, the course being 
further impeded by the teeth, and especially the teeth of 
the lower jaw. The current of air which occasionally 
passes below the tongue cannot, therefore, be of much 
importance in the formation of articulate sounds ; this, 
however, is not the case with the obstructions alluded to, 
w'hich have an important effect upon the clearness and 
distinctness of the utterance, for in the formation of 
many articulate sennds, especially those in which the 
front part of the tpngue is raised, they produce a division 
of tlie current of air. This applies particularly to the 
incisors of the lower jaw, a want of clearness and^^i^h 
in the utterance being very noticeable when these te^ 
are absent. 

We shah, therefore, regard the eunrent of ah^ which 
passes over the tongue as alone adapted to take 
the formation of articulate sounds— a view which % sup* 
ported hy the fact that the tongue in all ite zeXa^muif 
belong to the floor of the cavity of fiie mouth, iit ^ i 
same time, we must n^t forgit that an effect may pe^A 
sionally be cendribt^ the escape thdafr 
thetongue.. ',/■■■ v.. 

If imw we fidlow the p 
to the looah^ of pcHElailde^^^^^e^ 
and'- the effeot' i^he- fmomtiomof 
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we shall hare to point out three regions as of special 
interest from our present point of view, namely— 

The larynx, 

llhe oral cavity, and 

The cavity of the lips. 

Wc find tlie larynx adapted for coutraetion through 
the two lateral protuberances, the free margins of which 
constitute the vocal chords. Wo know that the space 
between the vocal chonls can, on the one hand, be 
so expanded by muscular action, that, as in ordinary 
breathing, a gentle current of air can pass through quim 
noiselessly, and that, on the other hand, by the same 
means a perfect closure may 1 k‘ elTected. so that, for in- 
stance, in holding the breath, the exit of the air is entirely 
susi^ended. A number of noi.ses are possible from this 
arrangement. A atn'pitm fontinuiis Hpinim must ensue 
when (1) a violent stream of air passes between the 
glottis opened to its fullest extent,, and (*2) when the 
vocal chords are so closely approximaied as to offer an 
obstruction to the current of air, thougli without affording 
the conditions necessary for the production of tone. The 
$trejntns continuum Htridulm is not possible because the 
surfaces of the vocal chords brought into contact are too 
narrow,* and therefore more adapted for the production 
of tone ; on the other hand, the produotion of a «trepitu9 
ctmtinum vihram is possible when the glottis is adjusted, 
but not sufficiently so as to produce a tone. As regards 
the strepitm rttpentftim, we have already shown how both 
the $trepitus expUmcm and the »trepitu» apulnvm take 
part in the groan.” It seems probable, however, that 
the strepitus mmUivm can be heard independently, for if 
the breath is held for some time, imd then, without 
allowing the expiratory current to escape, the closure is 
destroyed, a slight elmk is heard, which is most easily 
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explained if 'wa regard it as a ttre^Uu orn&irtM. A 
oce^irtur also seems possible in the larynx, for 
if a current of air, especially JOf toneless,* is allowed to 
pass through the larynx, and*then> sudtlenly stopped, as 
in holding the breath, a smaDt clappiug sound is heard 
which may bo explained in this manner. 

In the oral cavity a long surface is presented both by 
the roof and floor. The two surfaces may be perfectly 
separated by removing the lower jaw fri^m the upper, 
and can then again he gradually approximated till the 
jaws meet. In the formation of noise the greater or 
less separation of the two surfaces is alone of interestj 
because the opportunity is there given for a strepitm 
fimtinum sjnrum. The modifleations of which the cavity 
of the mouth is capable when the jaws are closed will be 
considered in the remarks upon the cavity of the mouth. 
Although the oral cavity as a whole has little influence 
upon the noises available for speech, yet it acijuires 
gi'eat importance , from the fact that it is composed of 
several parts, all of which piety a prominent part in the 
formation of noise. • • 

The roof of the oral cavity consists of three psar^~* 
the soft palate, the hard palate, and the alveolar proe^ 
with the teeth. In considering the third division, we 
may confine our attention to the incisor teeth and tli^ 
corresponding portion of the alveolar proce^, aS th^ 
alone Ue in the direet path of the current of lur* T?he^ 
molar teeth, and the part of the al'j^lar process inth 
which they are insertedt inay *he refi^ueded as the luteh^ 
piurts of the hard pa^te. Opposite to tiiese parlbi'^^^^^ 
have, indeed, only tlm tonguei which, liowever, 
wonderful powei^ it pd^iMescMf^ahgh:^ 

Qtawaii, - attwUciapsttiei ty -tone.';' '-'^e 
Eftgiioli I# ^ 
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positioiiv may equally well be divided into three parts, 
which will correspond to those of the roof. The root of the 
tongue is situated opposite^, to the soft palate, the middle 
part of the tongue opposite the hard palate, while tlie 
hront part (apex) is situated opposite the alveolar process 
and the teeth. We cannot, of course, assign any dis- 
tinct boundaries to these three divisions of tlic tongue — 
a remark which, moreover, applies equally to the divi- 
sions of the roof. 

Turning our attention first to the expansions of the 
oral cavity, we find in the first place, setting aside the 
general expansion effected by the depression of the lower 
jaw alluded to above, that in the roof of the back 
part a local expsuisiou may be produced by the eleva- 
tion of the soft palate ; it has, however, been already 
observ'ed that the expansion in this case is not of so 
much im[)ortance as the closure of the nasal cavity. 
But whatever its value in this respect, it is of no 
assistance in the formation of noitvs and need not, 
therefore, detain us here. • This is also the case with the 
local expansions which cmi be created by the depression 
ofjthe entire tongue or of separate parts of the tongue. 
We may, therefore, at once proceed to the emtractwn*. 

It ih clear that a contraction at any of ilie three 
places which can allow of the production of a strcptfiat 
continuus ^pimns could have no other effect than to 
modify the noise generally in the oral cavity. We may, 
therefore, at once investigate the more complete closures. 

The entire length of the tongue may be so approxi- 
mated to the roof of the oral cavity as to give the con- 
ditions necessary for $trepUu* conUnuu* airUbdut. The 
lower jaw most at the same time be widely separated 
from the upper jaw, and the tongne raised to a great 
height, almost ^s in the act of swallowing. The noise 
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er^at«d by tbe stream of air under these c^nmstanees 
is a rough, blowing sound, which, however, &om in* 
sufficient opening of the mo^th, is not powerful. It is 
very difficult to obtain tbe necessary position of the 
parts in question ; the result will be nbst easily attained 
with the head bent downwards. There is less difficulty 
in effecting a closure at one of the three above-mentioned 
places ; each closure, moreover, gives rise to a distinct 
noise, and these three noises are such important factors 
of speech that it will be simpler at once to give the 
corresponding articulate sound, instead of entering into 
a long description. The strepitus cantinuus strMvlug 
between the root of the tongue and the soft palate, is the 
sound of eh in ach ,* that between the middle of the 
tongue and the soft palate the sound of ch in ich ; * and 
that between the aper of the tongue and the alveolar 
arch the sound of s. 

A strepitm eont 'muns vibraps can only be produced by 
the posterior and anterior of the three points of closure ; 
in the first case by the mar^n of the soft palate and 
the uvula, in the second by*ihe moveable tifi of the 
tongue. Both noises give rise to an r. It is fiurthor jin 
interesting fact that the membranous character of the 
soft p^ate inclines it to vibrate as a whole in iha fp^ 
mation of the above-mentioned noise aeh, which some^ 
times causes an r to intermingle with the adt. 

As regards tiie various forms of the sfyupbbiu 
riniw, we find that the str. rc|j; mmbdats may be fcHtmed 
at the tiiree points of elosmre, the being the ; 

clicking sounds It is produced triyi the gr'satest^ 
by the tip of the tongim and the alyeolar porhion f pf : r 

hard ptlate, being hiPre diffieult triih Uie 

; ' ' *' HHiM'' .two '.wwiidv 'Wffii.:tie: ^ 
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the tongue and the hard palate, as modifications arise 
from the situation of the closure to be broken through ; 
it may, namely, lie between tlm apex of the tongue and 
the incisors, or between tlie apex of the tongue and a 
more baekwjml part of the hard palate, or between the 
Unver surface of the foremost part of the tongue and 
different parts of the hard palate. The latter modifica- 
tion is characterized by a duller sound. The »tr^ rej). 
rti-ulKivu,i of the most backward of the three points of 
closure differs iu tlie manner ot its production from 
those of the anteilor points, for here it would appetu: 
to be the soft palate that is moved or suddenly detached 
— a view which is founded partly upon the sensation 
accompanying the act, and partly upon the fact that 
the root of the tongue is brought against the more solid 
and immoveable part of the soft palate. This noise is 
not easy to ntake ; it may, however, be acquired with a 
little practice, when the i^und will resemble a weak, 
tolerably clear click. 

Whilst the more easily produced clicking .sounds are 
only employed to a veiy limited extent as articulate 
sojjuds (by the Hottentots), although they are often 
heard as a sort of interjection of «loubt or displeasure, 
the stnfntv» rejtentinm expki»tvus has a very wide appli- 
Vation in the formation of articulate sounds ; it is heard, 
when ‘fomied at the posterior point of closure between 
the root of the tongue and the soft palate, as a dttU k, 
at the middle poiiit as a clear k, and at the foremost 
point between the apex of the tongue and the alveolar 
portion of the palate, as t. 

The only point at which the quick, strong muscular 
action necessary for the production of the rep. 

ocebuUm appears to be possible is the anterior point of 
closure; it here appears ta t. 
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Just as the closure of the oral cavity is effected at 
three differeut points, so that of the lips varies in 
character; and, indeed, here we have four different 
points of closure : (1) by tlie coniaci of the two lips, 
(2) by the contact of the lowser lip wHh the incisors of 
the upper jaw, (8) by the contact of the upper lip with 
the incisors of the lower jaw*, (4) by the contact of the 
tongue with the upper lip. A fifth form, by the contact 
of the tongue with the lower lip, does not belong to the 
<{ue6tion before us, as the current of air cannot pass 
between them. 

The wide opening of the lips, which is one of the 
conditions for the production of a gtrepitm continues 
spiram, calls for no particular remark here. It accom- 
panies the depression of the lower jaw in the production 
of this itrepitm in the oral cavity, and has, therefore, 
no special peculiarity. The opening of the lips has 
nndoubtedly a very important effect in the formation 
of articulate soipids, but not in the department of 
noises ; its influence is ^serted in the formation of 
vowels, and will, therefore, be more fully enters intp 
in connection with the latter. 

The sir. eont. slridulm may be produced in two wi^ 
by tile lips : either, namely, the air may be alluwed ito 
pass between the entire length of the lips, or duly ' 
between the middle portions. The noise is«soft^ and 
weaker in the first case tlmn in the 
ntrepitm vibrans, which it is possihffi to mahe between^ 
the lips, is, &om the size anfi tiuokn^s of the 
difficult to produce, and is not so sha)^ and dear ah ' 
vibrating noise of the oi»l cavity; it is, thdrefine||^^ 
cxaployedlas smt-fotiouhdie.eottnd.-'' ■ 

AU;tim^.fill:1ns,ef:;the 

duced by . 'the^ ■ lips, ■■ajid-.j hate ■ ah^dy'* 
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examples; we need not, therefore, allnde to them 
again. 

The three other forms of tlio closure of the lips, 
when only one lip creates the closure with the opp<»iie 
row of teeth, or 'the upper lip ivith the apex of the 
tongue, have no special influence upon the formation 
of noise, and only differ from the closure formed by both 
lips in the sound being le.ss full and characteristic. 

The noises formed in the air-passages may, there- 
fore, be classifitnl according to the localities in which 
they are produced, as — 

I. Strepitii^ lan/ntjetis 

produced in the glottis. 

II. Strepitus oralis 

produced in the oral cavity, 

(1) strejntm oralis strictly speaking 

the entire oral cavity taking part, 

(2) strepitus flutlnralis 

between the root of the tongue and the soft 
palate. 

(8) 'strepitus juilatinus 

. between the middle of the tongue and the hard 
palate, 

(4) ‘strepitus dentalis 

between the apex of the tongue and the alveolar 
part of the palate corresponding to the in- 
cisors. 

m. Strepitus lafmlis 
{!> sfre/nnw faiiaft# strictly speaking 
between the two lijjs, 

(2) and (8) two forma of the strepitM dento-labialis 
between one lip and the oppointe incisors, 

{4) ’Strepitus Ihiffuo-lahialU 

beiwef;tt the* apex of the tongne and the nppef ^ 



up ; partially replacing the ttre^tm dmtaU$ 
when the upper incisors are absent. 

.We have already shown which of the noises enume- 
rated above can be produced at thes</ different places. 
The number of noises which are p^sible in the air- 
passages by voluntary muscular activity is, thezefore, 
very considerable, and they appear in great variety even 
after those have been set aside which are not adapted 
for the formation of articulate sounds. 

We are now in a position to point out the elemente 
which give a distinctive character to the different 
articulate sounds. 

At the commencement of this chapter we showed 
that a well-dcffncd group is formed by a number of 
sounds, which we distinguished as “ tone-sounds '* 
(musical sounds, tones), because they are merely a 
laryngeal tone, modified by different forms of resonance. 

We now find that a secoi^ category may be formed, 
from the noises w|iich are voluntarily created in the air- 
passages. These sounds ar6*tho6e which are generaUy 
caUed consonants bygrammanans (with the eiceptiOn 
of m, n, ng). Some of the consonants are fonncNl igyily 
by their ^stinctive noise, as, for instance, r (str^^us 
ifibrant), while others may be prodnoed in twb 
either as a pore noise or as a Imise mixed mth tmm^ f 
in other words^ the current of air passing, from 
larynx into the other air-passa^s to produce j&esa 
noises may be either aooompanied by tone cw ii m 
be toneloss. The eonsonaal^ formed in this maim 
by the additim of bmu ai« soft 
the corroi^oniliitg^^ 0^ by ^e 

noise) wdihdi tc^ 

as hard ^or 

the con80nmjte''l9mi^'''%'.‘'^e- 
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has, therefore, been observed even in the letters of the 
alphabet. We find for the toneless explosive sounds 
the letters />, t, A% and the corresponding tone-sounds 
b, d, g. It was formerly thought that the difference 
between the ‘Mukrd" and “soft” consonants could be 
explained by regarding the “ hard ” consonants as the 
“soft.'’ with the addition of an aspirate, as expressed 
in letters : p - 6 -f- /i or bh. The ground for this view 
was undoubtedly the same which gave rise to the terms 
“ hard ” and “ soft," the fact, namely, that the toneless 
explosive sounds are generally uttered W'ith a greater 
pressure of air. 

We have hitherto onlj' considered the eharacteristies 
of speech produced by the ordinary voice. There is, how- 
ever, another kind of speech, which we call whispering. 

The general idea of whispering is that it is only a 
peculiar mauner of speaking, the object of which is 
that it should not be audible at, any distance, and 
therefore stands in direct opposition to loud, far- 
reaching speech. Softness is at once accepted as the 
charactfcristic of whispering, and the only diifej^nce 
rejcognized is that of intensity. If this were so, the 
distinction between the two ways of 8[)caking would be 
no more than that between the piano and forte produc- 
'tion of the same note. 

It' canjiot, however, escape the attention of any one 
endeavouring to discover the true nature of whispenag, 
that this softneks is something auxiliary, and that 
whispering is distinguished from loud Sj^ch by a moim; 
specific feature, which is at once its characteristic. 

We see, moreover, if we look still mpxe closely, that 
this specific feature is due to an emtu^ ahsonce of tone 
that ia to say, in whispering the element of tone 
entirely excluded ftom the foiip^Mba of artmi)^^ 
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aoimds. It, iis therefore, Teij genially sapposed that if 
tone is not allowed to take part in the formation of 
articulate sounds a whisper wpl be produced, and con* 
sequently its elements can only •eompriso the noises 
which are employed in loud speech. * 

This conclusion cannot but strike us as extraordinary 
when we Xemember that some of the articulate sounds, 
the vowels and resonants, namely, arc entirely founded 
upon tone. This class of sounds shonld, therefore, be 
entirely absent in whispering ; and in addition to this, 
the “ soft ” consonants could not be pronounced, or would 
be replaced by the corresponding “ bard ” consonants. 

Kow, it is not only possible to produce all the vowels 
and resonants in a whisper, but also to mark the 
difference between the “ hard ** and “ soft ** consonants. 
Undisturbed activity must, therefore, be allowed to those 
relations by which the laryngeal tone is moulded into 
those Bonuds. ThT.^a we find that absence of fone cannot 
he regarded as the .characteristic of whispering, but that 
we must seek some other elenfent which will so stand 
in the place of tone as to be equaUy affected b^ those 
modifying infinenees, and thus perfectly replace it asjim 
of speech . 

This substitute for tone must have its origin* in ldie 
forynx, or itc subsequent fate in the air*pa 8 sag«s ^uld 
not: be 80 entirely analogous to that of the tone»|a!odno^ 
larynx. Bruoke * takes the very prolmbfo t^ 
that in whispinring a noise is formld in the g^O^S 
instead of the trnrn which GonsSlntni an elmnont of lo^ 
speech. This noise is no other Bran that whic^^^^^ 
been described abo^ as Bie eontimi«ts» 

.'.the hurynx* ■ 
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This which from the present state of pur 

Imowledge seems to have most in its favour, leads us to 
find the characteristic of whispering in the fact that, 
the mechanism being in other respects the same, the 
element of tone in. loud speech is replaced by a laryngeal 
noise. 


The Vowels. 

By “ vowels ” we understand those articulate sounds, 
the hasi-s of which consists of a tone produced in the 
larynx, and in which, the mouth being open, tlie sonant 
current of air passes out either directly through the cavity 
of the mouth alone, or also through the nasal cavity. 
They approach in many ways very nearly to the con- 
sonants, but the sounds most nearly related to them 
are n, m, and »<j, which, like the vowels, are based 
upon laryngeal tone, and are only distinguished from 
the latter by the fact that the mputh being shut the 
current of air which produces them can only escape 
through the nasal cavity. From this close relationship 
with the vowels the three sounds have been excluded 
from the category of consonants, and formed into a sepa- 
rate ^oup, under the name of “resonants." Although, 
however, this division is entirely justifiable and well 
founded,*. the designation “rosohants” is not happily 
chosen, as it seems to imply the influence of re- 
sonance i.« characteristic of the conformation of these 
sounds, while the vowels stand io> precisely the same 
relation and are equally indebted to the influence of 
resonance for their peculiar conformation. 

Moreover, the character of «tilns resonance has 
occasioned the division of the vowels into two classes : 
pure vowels dnd nasal vowels. The resonance of the 
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ea^ity of the nionih alone is engaged in the fonnation 
of the first groap, while both the resonance of the nasal 
cavity and that of the open jnouth tc^ether contribute 
to the formation of the nasal vowels. 

In the compound resonance of tha nasal vowels, that 
contributed by the nasal cavity must always be the 
same, the form of that cavity being invariable. The 
individuality of the different nasal vowels cannot, there- 
fore, be due to the nasal cavity, but must rather besought 
for in the resonance of the cavity of the mouth. It is 
»ju8t tliis, however, which gives indiriduality to the pure 
vowels ; they, therefore, must be regarded as the typical 
vowels of which the nasal vowels are modifications. 
This view will appear the more correct when we find how 
comparatively limited is the actual application of the 
nasal vowels. 


'TJu Pure*VoweU. 


In the formation of the puH vowels the nasal cavity 
is entirely shut off from the edvity of the moufiS by the 
elevation of the soft palate, and moreover, as we have 
already shown, the closure is most complete in uttAring 
the vowel i, and least so in uttering a, the int^enihg 
degree following in the succession of u, e, o, u, i. Although,* 
however, the strength may vary (that is tef say, the 
pressure of the soft palate upon the posterior wall of the 
pharynx), the closure is always so pmect that the enttire 
current of air can only escape throt^h the oavify of the 
mouth.- 

The reOonanee tube, through which the eurreot^ aup 
has to pass after it has heen thrown iptomusiosl idhni^^^^:;^ 
rion in the hutynx^ is 
fliwt ' : traveiew ■ 
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then passes throagh the larj-ngeal and oral divisimiji.of 
the pharynx into the cavity of the mouth, from which it 
finally escapes between tl\e lips. Thus the path marked 
out for tl»e current of air is by no means straight, but 
turns off rapidly above the larynx. Ascending vertically 
throagh tiie glottis, the current of air strikes against the 
lower surfiice of the epiglottis, and is consequently do- 
fleeted backwards, so that, after issuing from the pha- 
ryngeal opening of the superior cavity of the larynx, it 
breaks upon the posterior wall of « the pharynx, which it 
then ascends. If now the soft palate is hanging down, the 
most direct and natural path that it can follow will he 
through the nasal cavity; if, however, the nasal portion 
of the pharynx is cut off by the elevation of the soft palate, 
the current of air will be conducted along its lower surface 
into the cavity of the mouth. Thus the soft palate not 
only cuts off the nasal cavity from the current of air, but 
turns the latter directly into the cavity of the mouth. It 
follows, further, that the current of air thus deflected will 
naturally follow the roof df the cavity of the mouth, and, 
descending at the back Of the upper incisors, will flow 
outwairds past their lower margin, and finally through 
the lips. Thus the current of air, in passing from the 
glottis* to the lower margin of the incisors and tho 
' opening of the mouth, describes a large curve along the 
intervenilig surfaces described aljove ; opposite to all 
these surfaces lies the arche<l ^orsum of the tongue, so 
that we might almost say the current of air, in following : 
these walls, forms an eddy round the donum of the toagot i 
from its root to its apex. 

The form of this curved resonance tube may ha'; 
modified in a variety of ways, and so exercise a marloi^f 
influence upon thfe resonance of the tone passing thronj^i 
it. These motiificarions affect tiie length as well m 
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mdth and interaal conformation of the r^Kmance tube. 
The production of the different Towehsoonde rests 
ontiVely upon these rclationsy for the ^element of tone 
contained in rowels is the same for ^11, and can only 
vary as regards pitch and mfensity, and therefore can 
in no way affect the vowel-sonnds as such. 

That the resonance tube, by adding its resonance to 
the tone passing through it, has the power of ^ving a 
vowel character to the sound produced wdiich will vai^ 
in accordance with its •shape, has been shown by Willis 
in two series of experiments. He attached a resonance 
tube to a reed instrument with a vibrating reed, and by 
altering the length of the tube he succeeded in pro* 
dueing a recognizable imitation of the five typical vowels 
when the reed was thrown into vibrations ; the longest 
resonance tube gave «, the shortest an i, the other 
vowels resnlting from the intermediate lengths. He 
also attached to the Isame instrument a wooden funnel, 
15 mm. (*58 inch) deep and ^75 mm. (2*9 inches) in 
diameter, as a resonator, by means of which, w^en the 
reed sounded, he again produced the five vowels in a re- 
cognizable manner, by pushing forward a wooden jbI^P 
so as gradually to diminish the size of the mouth, ed th^e 
funnel, the smallest opening corresponding to n. Bniicke,* ^ 
who repeated these experiments, found that the 
produced by the second method were more distanet than 


those resulting from the first. Altha>|^gh thez^e Vi'aa hd 
similarity between the yowel-^nnds produced by th*^ 


methotto and of the hhmMi voice^ ydt they vrezd? 
quite sufficient to prove that on the one hand the 
of the resonance tube^ and on the other the rizd^^ 
free oiling, has a modU^rm^ infincmee hipo 
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Towel ohara/'ter imparted to the tone by the tnbe 
and therefore that the rowels of speech eould be ap^ 
prmimtfteiu imitated. Thf great diifercnce between •the 
material of such artiilciul apparatus and the human 
orgtuis of speech naturally puts perfect imitation out of 
the question. 

The resonance tube of the glottis may lat lengthened 
at two points — in its most backward |>osition and in its 
most forwtu-d portion; the length of the cavity of the 
mouth, from the posterior wall of ihe phorjuix to the in« 
cisor teeth, ninst alrvays remain the same. The posterior 
|>ortion may be lengthened by depressing the larynx ; 
when the depression is slight it is merely slightly drawn 
away from the hyoid bone, which remains quiescent ; as, 
however, it can only be moved a very short distance 
from the hyoid bone to which it is attached, when the 
depression is greater the hyoid bone, and also the root 
of the tongue, are obliged .to descend with it.. The an* 
terior portion, the cavity «jf the lips, can bo lengthened 
by the j[)rotrusiou of the lips. The increase in the length 
of the resonance tube attainable by these means may be 
as»much as 2~a cm. ("78- 1*17 incli). On the other 
hand, the resonance tube may be shortened by elevating 
the larynx and pressing the lips upon the iiicisore, to 
* the extent again of 2-3 cm. The difference between the 
greatest aJnd shortest length of the resonance tube will, 
therefore, be about 5 cm. (l‘9u|inch). Buch a difference 
cannot but have an influence upon the pitch of the tone, 
as a longer resonance tube always create^ a deeper tone ; 
consequently, the tone produced in Uie glottis being the 
same, a, when the resonance tube is at its greatest 
length, will sound deeper than when the tube is at 
its shortest; thuA the deepest notes can only be sui^ 
upon a, the ‘highest upon i. This was paxticulai^; 
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ftijriking, as regards the », in the bi^s of the so-called 
Juliilee Singers, who some time ago went through 
Europe; he had to sing his lowest note upon o in the 
words “We are rolling,” but* distinctly sang “We are 
ruling.” • .* 

Although it cannot be denied that the length of the 
resonance tube has an influence upon the characterization 
of the different vowel-sounds, yet this influence ehiefly 
effects the speech when it is pure an! natural; for, 
though with some e^rt, » may be uttered with a de- 
pressed larynx, and u with a raised larynx ; the sounds, 
however, as well as being difficult to create, are less pure 
and clear. 

-On the other band, the different conformation of the 
interior of the cavity of the mouth is of the greatest 
importance in the differentiation of the vowels. 

If, with the mouth fairly opened by the withdrawal 
of the lower jaw f>n4 the tongue lying quiescent upon the 
floor of the cavity, a tone is created in Ihe glottis, the 
sound a is heard. This being the most simple confor* 
mation of the cavity, « is regarded as the fundaniehtal 
vowel. 

The modifications of this simple conformation, i^oh 
are necessary for the production of the other vow^t Oah " 
only he effected by raising the tongue from the floor cC 
the cavity of the mouth towards the pal^, stud hy 
bringing the lower jaw towards ttie upper, thus i 

approximating the floor of the cavitj*to the palate. 

Massing at once to the most exti^nte positksaa 
ployed in the formation of vowels, we sec directly 
closest approximations of the tongne io the psdWin 
be r^^ded as examples of |hm hand.^ p^^^ 
when,at.ttiC:sameil^e'tht;lower^ii^'^^TO:d%^|i||f^ 
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iaeisors. A general approximation of the dorsnm.of 
the tongue cannot take ^lace, beoanso even when the 
month is closeii it does not quite touch the hard palate ; 
and, moreover, such a general approximation would not 
materially affect the conformation of the canty of the 
mouth, but merely diminish the size of the aperture. A 
new and charaoteristic conformation of the cavity of the 
mouth is ouly obtained when part of the tongue is so 
approximated to the palate that a very narrow passage 
only is left for the air, while the re^uaiuiug less elevated 
{Kirtion forms with the corresponding portion of the 
hard palate a considerable cavity, the resonance of which 
is of the greatest importance in deciding the character 
of the vowel-sound. 

The simplest form of approximation is that of the 
anterior portion of the tongue to the alveolar process 
and the anterior portion of the bard palate, because the 
mouth may retain the moderate degme of opening eba- 
racteristie of the formation of the vowpl a. The lateral 
edges of the tongue at the Lame time arc brought against 
the molar teeth of the uiiper jaw so that only a narrow- 
passage outwards is left along the dorsum of the tongue, 
though not so narrow as to occasion a fricative noise. 
In this ‘position of tlic tongue a cavity of some size ta 
left between ilie hinder part of the tongue and the 
elevated soft palate and posterior wall of the pharynx, 
if now, with this conformation oLthe cavity of the mouth/ 
a tone is produced in the glottis, it wilt receive the 
character of the vowel i, and this t becomes particularly 
pure and clear if, when it is uttered, the larynx is raised/ 
and the lips, by the retraction of the angles of the 
mouth, pressed against the incisors. 

If, the contrary, the posterior part of the tongue'! 
is so approximated to Abe soft palate and posteriof wall ; 
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of the phacynx that a iiarrow passi^fe only is left for tho 
current of air, though not suffieiently narrow to cause a 
frioatire noise, then the air breaks through this cleft 
into a large cavity which remaina between the anterior 
portion of the tongoe and the corresponfiing portion of the 
palate. If, with the mouth in this position, a tone is now 
produced in the glottis, it will receive the vowel-character 
n. A clear, good u can, however, only be formed when 
at the same time the larynx is depressed, and the orifice 
of the mouth altered jn a twofold manner ; namely, eon- 


Fre. «t. 



Fwit ion of (be mouth for A, 


tracted by the elevation of the lower jaw, and pfUlonged 
by the tube-lUce protrusion of the lips. • 

We can now understand why the soft p^ate 'i^ms 
to be most raised when w and i are uttered. Sihee^ in 
forming It, the current of air must foj^ its way tlurongh 
the nmxow spa<m between tlm^tongue and &e soft |edal€i»p 
the lateial pressure Which it then excarmses Witt 
yielding soft pedate towards ; and ttiis te sttU ttiie^H 
case when, dnriiid ttte tesmWtttm idf; 

'hindsred tef|tec;hWxreW'1^teiWge’'id^^ 

;tton . ot the 
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the eavity above aod behind the root of the tongue. 
So, again;, in t the soft palate finds its greatest elevation 
and its firmest contact with the posterior wall of the 
pharynx. * , ‘ 

Upon comparing Uieso various confonnations of the 
cavity of the mouth with resonators, we find the follow- 
ing characteristics : — 

When u (ah) is uttered, the cavity of the mouth 
assumes the form of a large resonator, with 
a fairly wide inlet, and fik very large outlet, 
which, however, is smaller than the space con- 
tained in the cavity of the mouth. 


Hftn 41» 



tirr imuih fnr 


When * is nttered, the posterior portion of the cavity 
of the mouth constitpies a smaller resonator, 
the inlet Af which is mrraed by the orifice of 
the larynx, and th^ outlet assntnes the form of 
a long narrow tnnnel. 

When u is uttered, the anterior poriion of the cavity 
of the mouth forms a small resonator, the inl^ 
,to which is a long narrow tunnel, and the ouUet 
more or less eotttracted. 



The csreation of these three sounds depends entirely 
upon these conditions, since, if the conditions are fol* 
filled, the corresponding sounds at once result. These 
leading features do not, however, fully represent the 
conformation of the entire air^ijassagp* ; for, though still 
giving the first place to those just described, we find 
several other possible modifications of the air-piussages, 
which are based upon (i) the degree of perfection to 
which the form of the resonance cavity is carried, (2) 
the degree of elevation or depression of the larynx, and 
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(8) the different confonnation of the orifice of the tnontte^^^ 
Thus the modification of sound pinduced* 
according as the form of the air^passage is demd^^^ l^ 
the action of one or more of these iSctore, aird as thei^: 
can he no limit to the varietjl of fitram thus 
the alr-passege, there is also ane4|umiy wi^xange;!^^ 
for the modification of the three soua^ in 
which modifi<^om> ^ 

' racteristie oi-e^^ ' 'Or-fiialeebt.':''/-^ 

' piesentlydratf 
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modifications^ Wo have, however, described the con- 
under which those modifications arise which 
ensure the clearest and Oiliest sound accompanied ‘by 
the least exertion. To recapitulate briefly, they are — 

Por a, a large orifice to the cavity of the mouth. 

For i, compression of the lips upon the. incisors and 
elevation of the larynx. 

For «, tube-like protrusion of the lips and depression 
of the larynx. 

In addition to these three typical positions of the 
mouth there is a fourth, which in two modifications gives 
rise to distmctly characterized vowel-sounds. Taking 
the mouth opened for a as a starting-point, we may 
describe this fourth po.sition as a general cojitraction of 
the cavity of the mouth, which is effected hy approxi- 
mating the lower jaw to the upper, and hy raising the 
middle of the dorsum of the tongue towards the palate. 
The whole of the back of the tongue is thus arched, and 
runs parallel to the arch of the palate. The cavity, 
which in this position acts' as resonator, is both longer 
and less Vapacious. If a tone is produced in the glottis, 
it will receive from a resonator of this form the vowel- 
character e. This sotind is not the dear c generally 
distinguished by tliis letter, but a dull c, often noticed 
lit German dialects ; for instance;, in the abbreviated 
form of the vnfiuitive, as mmhe, reiU, fornuickm, reitHi.*. 
It is called by the French 

The two modifications of this conformation of th® 
cavity of the mouth, which* are cliaracterissed as giving 
rise to distinct vowel-sounds, are analogous to the two 
positions which have been described above as those for ♦ 
and « ; they are to a certain ext^t an iridication of the J 
latter. 

• Engliidfi equivsttaU, a in kitf and a In 
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In the first modification the tongne is bronght more 
forward, so that the cavity situated between the tongue 
and the palate is narrower before than behind. This 
position is similar to that by which » formed, and pro- 
duces the long, clear e. When uttered with perfect 
purity and clearness, the larynx is slightly raised and 
the cavity of the lips contracted, though not so much as 
for . 

In the second modification the tongue is drawn more 
backward, and the ppex consequently removed to a 
greater distance firom the incisors. This gives a position 


Fio. 4i. 
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which is analogous to that for «, the posterim* half of the 
cavity being somewhat narrower and the anteripf half 
rather wider. The vowel-character whi^ is thrw pHK, 


duced is that of o. This o will gmn ^ puidiy and j^esis 
if the larynx is somewhat depressed, and idle ]i{» pror 
traded, so ds tp extmd the eari^ 


ever, must not be carried to such an extent an in a* - 1 
' ' We-have.fQ 

' .^h of whidh':ls ^charA^eriiiied' by 'aepeeiai^-^ 

/of . tha ’eayi^;:M ihanu)n%!^f 
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posterior wall of the pharynx and the inoisora. They may 
be roughly classihed as follows : — 

1. The entire cavity of the mouth acting as rostujator : 

(1) Wide-open mouth, «. 

(’2) Half-dpen moKth, e/erme. 

II. Htilf the cavity of the mouth acting as resonator : 
(.1) Anterior half, 

(а) Wide open with a narrow inlet, u. 

(h) Half open with a less narrow inlet, n. 

(2) Posterior half, , 

(«) Wide open with a narrow outlet, i. 

(б) Half open with a loss narrow outlet, f. 


46 . 



. We saw that the vowel-character depends chiedy upon 
the form of the resonator, but found that, in creating a 
clear full sound, other secondj|ry conditions must bo 
fuldlled, which consist in variations in the length of the 
resonance tube ; that is to say, of the passage for the 
current of air from the glottis to the margins of the lips. 
This increase or decrease in the length of the resonanoo 
tube can take place cither in the posterior portion of thb , 
air-passfige — i.e. in the division between the vocal ebordi; 
and the palate-r-or in .the division between the teeth andfj 
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fcbjp margins of the Ups j or, again, inboth simultaneotisly’. 
The sound will be best in the latter case. 

•The posterior alteration in the length of the reso- 
nance tube is efEected by the* deration <*r depression of the 
larynx. Onr observations hasre sho^^ that in forming 
full clear vowel-sounds, the ascent of the larynx, begin- 
ning with its greatest depression, wiU correspond with 
the following succession of vowels : — 
u, o, a, e fermi, e, i. 

The anterior alteration is effected by the protrusion 
or retraction of the lips. The several degrees in the 

Kic. 47. 



IVwliion of llie mottth 

length of the cavity of the Ups, a^in sappoenng ft f^ 
clear sound is to be produced, beginning wi|h thh ^reatf 
est length, correspond to 

tt, 0, a, > 

We see that the two sefies of yowels are the^^^^a^^ 
ftnd thus it appears that ft the 

of the resonanoe tube is neee»HU7‘ for th^ 
anoenf tiio«ft.voft^^plftBed:mt^ 

''^ms> which :ftiftf:lMngd^^ 
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characterized from tbe infimte number of possible vow^> 
sounds. Thus they are susceptible of various modifioa« 
tions, and may therefore be regarded as a foundation 4or 
riie formation of all possible vowel-sounds. It would be 
altogether imixtsslblo to .attempt k> mention all the 
varieties of vowels pro«luced in such a manner, and we 
mast therefore he satistied with examining tbe laws upon 
which these varitdies dej>€ud. When once these laws 
are rightly miderstood, tliere will be no difficulty, when 
any new vowel-sound is mtd with, recognizing its 
origin and assigning to it its proper place. 

These varieties may, however, arise — 

(1) Within the limits of the tj’pieal sound itself. 

(2) From the transition or mixture of the several 
types. 

For the first class of varieties a single example will 
suffice, which will further show how necessary it is to 
distinguish between the primary and secondary condi- 
tions necessary for the production of .the vowel-sounds 
mentioned above. ' 

If we only employ the 'resonance of the cavity of the 
mouth in uttering an u, without either depressing the 
larynx or protruding the lips, we shall obtain a perfectly 
distinct but with no ring in it. If we push forward 
fae lips without depressing the larymx, the u will have 
rather hior^ ring- If we then lower the larynx, the pure 
full « w;ill a 2 )pear. which we gei#rally regard as Uie true 
one. If, with the li|)8 still protruded, we raise the larynx 
above its ordinary position, we obtain a very dear it, 
which, however, is accompanied by a strong rushing 
sound ; if tbe lips remain quiescent, not being protruded, 
the larynx, on the contrary, beiog d^ressed, we obtain 
the English u (in cmld), which will be improved if the 
door of the cavity of the mouth is sHU more depremed, ' 
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tlma enlarging the resoixanee cavity; regaining this 
* increased depression of the door of the cavity of the 
mouth, we may raise the larynx above its ordinary jjosi- 
tion, when we shall obtaiil a clearer* u, as it is often 
heard in English dialectic varieties. * 

Thus by different combinations of the conditions under 
which « is formed, we obtain no less than six varieties, 
the greater number of which are in actual use. 

The second class of varieties is composed of sounds 
which have not the puje character of the above-mentioned 
typical sounds, but partially represent the character of • 
two sounds, thus being intermediate between them. 

Such a mixture may arise in twroways: the confor- 
mation of the cavity of the mouth may either not agree 
with any of the t3’i)es described above, but be interme- 
diate between the conformations belonging to any two 
types; or the conformation of the cavity of the mouth 
may be t^'pieal, w’lile the secondary conditions either of 
the conformation of the Ups or the position of the Ups 
may not be the true ones, but those correspouding to this 
formation of another tyi>ical sound. • 

The first of these two categories wiU be best under- 
stood by starting from tbe position of the mouth serving 
pit efermi. The greatest convexity of the tonguer is herO 
so situated that the space between the dorsum of the*, 
tongue and the palate are the same in height |'efoi^ and 
behind that point. If the arch is formed further back, 
thus approaching to the position for d, a dull oe reenlts^ 
which will have more of the b sound in it the furthac 
back the areh of the tongae is remoyed, and more of the ; 
e as it hiM reihatned nearer to the central position, 
sounds are found hi Ei^ish^ f^ instance, thatjji^b^i 
a^roaehes to o in bid, and that which r^emUbU ; # 
whet. If, on the contra^, the aonviiuiy of ^ tonj^ luH ;; 
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brought more forward, go as to approach the poeition^for 
the puree, the sound gains in clearness, without, how*' 
ever, arriving at the pure e. This sound, again, is found 
in English ; for ihstauee, in yet. 

In the same way we nmy start from the conformation 
for n, and we shall then find that if the tongue is puahi^ 
further hack, a different o sound mingles with the 
which becomes more perceptible as the tongue rcce^ca. 
This sound is very general. As an n with a tr;^ of o it 
apjiears in the Nortli-German diah^ets, in Swedish (wit^* 
ten a), in English (for instance, in aU, or more nearly in 
the rt of tchat) ; and as an o with a trace of a in French-^ 
for instance, in em-ore. If, on the contrary, the tongue 
is brought more forwanl, a broad or is produced, as it is 
heard, for instance, in the Alemanuic dialect; it is also 
the scomfnl “ Ah ! ” 

If. when the cavitj' of the mouth is in the position for 
n, the middle of the tongue is moved towards that for c 
f>rme, a dull or is prodneed, which < is often heard in 
English ; as, for instancej in at. 

In the same w’ay in^-rmediate sounds may l)c pro- 
duced between ^ and i, and also Indween o and «. These 
series of sounds have not, however, the distinctive cha- 
racter ‘of those mentioned above, but rather appear ed 
‘dialectic peculiarities of pronunciation ; still wc may 
give, as ap example of the first intermediate sound, the 
Alemanuic diminutive, whidt is generally written “ It,” 
and for the socond^the Hessian pronunciation of ‘*durch,*V 
which has almost the sound of " dorch.” 

With regard to tlie second category we may remark*;; 
in the first place, that a higher position of the larynxil 
gives a clewer sound to the vowels, and a tower ^itioftl 
a duller sound; tve can, thei^f^, by depressing 
larynx to the |jositi<m for u, give a dull sotond to i; 



if the larjnx is raised as it should be for », a 
be .clears - 

•Bat that modification of vowel-sounds is more impor- 
tant which is efieeted by a eoaformation to the 

cavity of the lips ofaaracteristie of a different vowel. The 
minW of intermediate sounds produced in this manner 
, ia;?%t very great, but offers much that is interesting. 

I lf, when nitering the pure e, the orifice of the mouth 
is^ptot into the position fora, the dear ae Is heard,aB pro- 
n^^ihoed: in German-j-for mstance, in wdlUen ; if, on the 
Sbhtrary^ the orifice of the month is put into the position 
for o, the clear oe is heard, also as pronounced in Ger- 
nmn-^-lor instance, in Ju>/4er. 

If, in uttering e, the orifice of the mouth is shaped as 
for a, the sound ue is heard. The sound will, however, 
be clearer and more distinct if the position for u is com>f 
bined with the utterance of i. 

The position of the orifice of the mouth for a in tlm > 
utteraOce of o gives to the latter a decided sound of a» 
If, however^ we try to combine this position with the 
utterance of a, the result is an^nplei^ant noise^bearhig : 
some resemblance to o. That a better soimd should not ' 
be produced under these circumstane^ is searcdy to be 
Iwondered at, as a contraction of l^e orifice of tiie mou&^& 
niuet be antagonistic to the character of (S, whieh i^ttirw 
the nmiith to be widely opened. ^ * 

The Diphthongi, * 

diphthongs we understand a eoinbinai^ 
yowel-^unds ; but such a oomhination as 
^tnake w';8tm^;impr^49n^;^' as' w^may .e! 9 ua||^i|p^^ 
express it,. -as v.shaU ;be ^v.monosyilabuu 
;;aui^86d iha|.;ths!' hi . 
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to tho rapijl utttTanco of the two rowels of which .it 
is eompoittni. This eamnot, however, be the right new, 
for if such were the cose any comhiuetion of two vowels 
might iM’come a *diphthong,' as there is no diflicttlty in 
qniekly pronouncihg any auccession of vowels. Yet how- 
ever quickly the Italian //»!«#«, for instance, is pronoaneod, 
the diphthong «« is never heard, hut always jln~wtio 
(tnsi/Uitbie)f although in poetry rinu may he used as a 
single syllable. Tlie true cbaracter of the diphthong 
must, therefore, he traced to othen causes. What these 
causes are will appear when we have discovered in what 
way the vowtd-combination.s constituting real diphthong 
are distinguished from other combinations. 

In the first j>!aee, it roust l»e observed that the two 
vowel-sounds forroing a true diphthong are never of the 
same value. One of tin* two is always distinguished by 
its richer Kound and strtroger accent. This peculiarity 
is roost striking in cases \Yhere the same diphtlumg is dif- 
ferently pronounced, at one time tlie first vowtd and at 
another the second predcroinating hi the maimer de- 
Bcrilied.'' An interesting eEarople of this fact is afforded by 
the different pronunciations of an ami * ♦' which are to be 
observed in the Swabian dialect. In Fmu, for instance, 
the (t piedoroiuatcs, bnt in d/ria# the it and thua, again, 
*in theijen the e predominates (or rather the a, as if it war® 
writteh tk'tiku), and in treibm the t. That we have here a 
real fundamental difference i^shown by the fact that the 
diphthongs havin|; this distinction suffer a different fate, 
in the various dialects ; foV in.Htance, the au in ^Vau 
ther north, in the Hessian dialect, becomes a (/rm), 
remains unaltered in the Alemannic dialeot ; on the othe^li 
band, the m in Mam is changed in the Alemanmc dialled' 
to an H (Mum), and remains nnaltered in the Hesiuij^l 
dialect ; in the^ame manner thmim in the Hessian diailM 



becomes thdlen, and treiben t&tnams iiilalteced, while m 
the Alemannic theUen xemoma unaltered, and trei&ea 
becomes triiben. ^ 

We may, if not quite accurately, yet quite intelligibly, 
designate those diphthongs in* which jftie first sound has 
more emphasis troclmic diphthongs, and those in whidh 
the eruphasis is laid on the second sound iambic diph> 
thongs. * 

The simplest and therefore the principal class of 
diphthongs consists of the trochaic, in which the second! 
sound is an i. It is an important fact that t in the second 
position can form true diphthongs with all the other vowels. 
We have ai (written <n or ei — ilfaiii., Hhein, 6enn.*ii 
oi (written cu or oi — Jleu, Germ., oyster, Engl.), «i (otU, 
French, p/ai, Germ.), ei (with the clear c — pays, paysait 
French ; also in tlie German dialectic pronunciation of the 
written ci), ei (with e fcrtm, dei, as in some dialecte for 
die). This show^s 4hat t in .the second position amal- 
gamates so oasily.with all the other vowels as entirely to 
lose its individuality in thd diphthong thus formed; 
UiK>n inquiring into the origiir of this phenomenons tfab ; 
simplest explanation appears to lie in thp fact th%t the, 
imsition of the tongue when at rest is the name ii» 
for the utterance of f. Thus, if we utter a 
then, without interrupting the current of air, allow tfad 
tongue to return to its quiescent positron, ^ i^soU^ 
will he heard after the now^ with whidh, however 
the manner of its prodoclitin, iiy^^ most intiniatel^I 
connected, the moreeo ee #*^ is no tnealE in 
during the transition of the t^guoi^ onepo^Ofil^iM|£ 
other, alihoujdi in the iiutbwt of 
is somewhat mmertam thiwefmre, so 

buy, guAl«, 
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of separating hiatns. In the same wanner a p miiy 
under certain eirenmstaneea follow iiuinediatelj upon an 
m, or a t an n or r witlyiut hiatus, resulting merely 
firom the sudden c^iening of the closure effected between 
the lips, or between the •tongue and the teeth. This 
explanation, nioroover, is supportwl by the fact that this 
i is often impure, hanng a sound of e in it. The reason 
for'this is at once evident when we remember that the 
position of the apex of the tongue for e and t is similar, 
being merely further back for e ; the sound of e would, 
therefore, be produced if, when retnniing to its quiescent 
position, the apex of the tongue was not sufficiently 
advanced to prwiuce a pure t. 

In close connection with thi.s group of diphthongs we 
have another, which, also trochaic, is pccnliar to the 
guttural dialects (Swabian, Alemannic) ; we have here, 
namely, diphthongs, the second sound of which is the 
e ferml', the first w, mc, or i. . We may •safely assume that 
in these dialects the tongue when at rest lies more back- 
ward, thus corresponding Vith the position for c fermi. 
The appearance, therefore, of this sound may be regarded 
as thi? result of the return of the tongue to its position of 
rest, as was also the case when t ai>peared as the second 
sound. ’Here, again, according to the position of the 
fongue, we have either a pure c fermi or an approach to 
a pure c, a, or o. In names or provincial literature, 
therefore, the second sound is^written «, r, or o; for in- 
stance, liua (Bub), (Matter), Mmtiathal^Flutlm, 

Bruns, L 'mh (Lieb). The interrogative trie also may oftoa 
be heard pronounced as a diphthong ; also the demonstra^^ 
live pronoun die (for die»e}, names of plac^ — Wien, etc. v 
The second class of diphthongs is epihposed of those n 
which ate formed by the combination of the vowels u, 
and o, and whidh may either be trochaic or iamhie, WM 
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shaU preitently show why i and e cannot be used as first 
sounds in this class, nor a in iambic form. The foh 
loMring are the diphthongs — au (trochaic and iambic), ou 
(trochaic), no (trochaic), o<0 tismbic) ^ ao is difficult to 
pronounce as a trochaic, easily ttumlng into au; ao is 
formed uith much greater ease as an lambic, though in 
neither form does it appear to be in use. As examples, 
it will be sufficient to mention— for au (trochaic), IA((U ; 
for rttt (iambic), Hau«; for ou (trochaic), dou (proTinciah 
ism for du ) ; for no j[trochaic), stradicciuola (Ital.) ; for 
oa (iambic), moi (French). The trocbsdc no should pro- 
bably be struck out of this list, as it bears a strong 
resemblance to the form already mentioned of u with e 
fermL The manner in which these diphthongs are 
formed will most easily be seen in the case of an. Thnsi 
if we examine the origin of au attentively, we shall find 
that it is produced by an a being first formed, and that 
then whUe it is stlU sounding the lips are protruded in a 
tube-like manner^ thus giving rise to the u-sound, the 
position of the tongue being*onaltered. Thus a tone ia 
created by the resonance of Ahe cavity of the jmoutbi 
which first, escaping through the wide-open motttli^ 
sounds as a, but which afterwards, firom' the chs^^ M 
the form of the mouth by the rounded and protruded) 
lips, becomes «. Although the iaflnence of the posij^*^: 
of the lips is undoubtedly great in the form«dii<Ha^^ #^^ 
sound, it should always be remembered that the loiunax^ 
sound is formed in the cavity of tire moutii, ahd 
is merely completed or modified by the pcttitjum^oE^ 

Ups. If the sound ffifined in the cavity of 
to give fui a>eith the a-pewition 0^^^^ 
an a with the i»*pcqtitii(m^o^^ 

0fum6t/emTe8p«ei^;'tb''tiie^ 

. the tongue, and . .of ihoi^»; Milt 
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intonmediate iono, which can with e<]aal case become 
an a if the lips arc widejy scparatcit, or « if they arc 
foriuctl into a tube ; tvntl if we look closely, wo shall find 
that ueit her of thij t wo.souAds are jMsrfcctly pure like the 
spoken «i or «. That w'heu <»« is iittereii an intermediate 
tone is really formed in the cavity of the month, and suc- 
cessively modified iiib) <i and u by the i>i>.Hition of the 
lips, is shown by a comparison with ou. The dialectic 
(Hessian) form dou for du was the only example given 
above ; here the o is not pure, but approaches to o, so 
that the result often resembles oh, according to the 
word, or the person sjieuking; the si>iitul of this diph- 
thong in the dialectic form of the word Bruder is more 
HM, Brander, Having t!ms seen that the n in hh is not 
pure, but nearer to «. and finding the transition just 
alluded to from «« to <»«, it iip|.H:ars that the ibundation 
for Hit and m must lie in a dull h, which in one case will 
more resemble h, in tlie other o. Tjtis further agrees 
with the fact that oh and <<« are sometimes used indif- 
ferently in orthography “T for instance, Spnnd^m and 
while ia Latinized into Xaxsontt. 

We at once see from the alK>ve remarks tliat m must 
be fohned in the same manner; that an impure « 
inclining to o must be created in the cavity of the mouth, 
which by opiMiing the mouth is afterwards changed to a. 
It should, however, Ih' rememlHjred that in the formation 
of this sjMjfCies of diphthongdlonly those sounds can be 
employed between wdiich intermediate forms exi8t~~thc>8e 
sounds, for instance, which «issume a different character 
according to the confomation of the lips. Thus «, o, u 
can form such combinations with each other, but not 
with e and i. On thc otb»?r hand* we should expect to 
find a similar relation between e and i, which is reallj 
the case.* .Amopg the; diphthongs ending in i, ei was 
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inontioned, in the fonnation of 'wrhich a (^lear e.takes 
‘ |)&t paysan) i ii now yre ejtamine the origin of 

thie ei, we find that the e uttered is very clear, approach* 
ing to i, to which by a quid)^ reti;aeti<)n of the lips the» 
t-cliaraeter is given. This method of production is, how- 
ever, the same as that which we have just been discuss- 
ing ; and this d belongs, strictly spea^ng, more to this 
category than to the foregoing one. We shall also readily 
comprehend why, from the great ease with which the 
tongne assumes the position for the clear e and for I, 
this method of formation is not so simple for d and for 
the diphthongs ending with i. These diphthongs do not, 
however, belong to this class, but rather to that already ; 
described, as is further show'u by the fact that in form- 
ing the i the position of the lips remains unaltered. 

The third class of diphthongs is the iambic, the first 
sound of which is an i or an «. kny of the other vowels 
may act as a secopd sound. This elass can, however, 
scarcely be included in the diphthongs, as a consonantal 
element enters into it, which igives a different character 
to the combination of sound. Act us endearou^to aho#^^ ■ 


this peculiarity in the relation between i and j, ^ : i 

If the tongue is laid against the palate as in forming v l 
and a fricative noise is then cieated either by the cl<w«lE: 
approximation of the tongne or by an iniarease in tha 


current of air, the consonant J will be heard« if,‘%tgaihD^w 
dmring the formation Of t the apex of the tongue iivs 
quickly drawn backwards into the poeitionf for instaneei ? 
for <s, this movement i^^st the current of air 
duce/if not a peili^tj^y# a somb4 appronefaing^l^ 
thus pving rise to (^e conncmanlnl element. 
relation er^i^ between 
duced by a 

and also, tiioiogh perfe^ 
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of the lips ^gainst the current of air. Thus the corre* 
aponding consonantal noyte is lieai'd when either i or a 
are uttered and imiuediatidy followed by another %'ow«J, 
examples of which we see in the Italian semUi, tljo 
English uiiter, and the German Qut:U^; By means of 
this moiUtication an i so placed can be employed in very 
complex amvngementa of vowels, as in the Italian miei, 
tuoi, operttio, ncrittmo, etc. ; for these complex sounds, 
when resolved into their elements, are almost mjei, turn, 
opentjo, scrittojn, etc., the./ and tv, 4 is true, being imper- 
fect. On account of this consonantal element the first 
soimds of these dipUtliongs, esjajcially at the commence- 
ment of a word, are often written as consonants, parti- 
cularly in ISuglish, as in ttiuulvr, ymr, trill, uax, so 
that in some the traditional pronunciation alone shows 
whether it is a true diphthong or not. 


7'hc Niital Voii'vh. , 


The masal vowels are. not separate distinct sounds, 
but merely a modification of the vowel-sounds. Tbis 
modification is due to the nasal cavity not being cut off 
by the soft palate dtiring the formation of the vowels, «o 
tliat the air contained in the cavity can directly partici- 
pate ia the creation of resonance. The only Btiropean 
languages 'in which their Existence ia recogui*ed by 
grammarians are«tbe French and Portuguese. They 
are, however, very general in dialects, and in thia . 
form are often met with even in Oerraan. Air vowels.^ 
which are known to us as pure or intermediate vowedfy 
can be pronounced as nasad vowels. 

If, tfie posterior orifice of the naaal cavity 
open, the current of gir is allowed k> @mape 




cavity of the inouth as troll as through the nasal eaTitj; 
it follows that the two cavities. will each have a distinct 
resDnance, and that we can ^only bear the nasal vowel 
the two I’esonances rehch the ear M ron tt a neously^ 
and blend together to form one impression, in the same 
Way as the different instruments of an orchestra, when 
played together, produce a single impression. 

, Adopting this conception of the formation of the nasdl 
vowels, we recognize a mixture of two separate elements/ 
the resonance of the pavity of the mouth, which di8tin<* 
gttisbes the vowel-sound, and the resonance which, added 
by the nasal cavity to the laiyngeal tone, produces the 
nasal quality and forms the foundation of the nasal 
vowels. 

In the French nasal sounds acknowledged by gram-* 
marians, the soft palate is slightly depressed, so that a 
considerable portion of tbe current of air finds its way 
into the nasal cavity, the resonance thus becoming fuUee 
and more sonorovi^. Tbe French, as we know, only make 
general use of n, o, and ae (dear), as nasal vowels (m 
written in, en, or eiw), eitheis at the be ginnings in the 
middle, or at the end of words, as, for instonce, 
avancer, tn(a'chattd,—*ncliner, atUtindre, ntarin, 
<mdie,prononC 0 r,draQtm. • 

In dialects, or by individuals, eitiier all vowels or ii 
few may be pronounced nasally^ . 1 

The former wises either hrom ihdolehcei or hWin 
having the power toiwiuse the soft SO as to 
pure yowel-sqimd. The ehtii^ speedt 
“ nasal quali^ ; as^ hoitrs^r^ ao^ 
by whioh a foUer ehmiii ofair^^^ 

: nasal - oavi^ . a ; poxtipii'yxdf/^ - air; 

-course: by cbanee.^the-^souaaB'|tt^^ 

'.are not so towda 
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bj a inor«> ojr less strong nasal resonance, are spoilt or 
rendered impure. - 

When, as is very generally the case in German 
dialects, a few only of the vowels are prononnced nasally 
in siH aksng, they will almost invariahiy Imj found in words 
or .syllables ending in «. The nasal vo\vtd-sound«, there- 
fore, generally represent tlie comiamnd sounds ««, ea, in, 
on, UH ; and there is no doubt that they are due to the soft 
palate duriiag the formation, or even at the commence- 
ment, of the vowel-sound, being adjusted for «, which, 
however, is not distinctly uttered. It i.s to some extent 
an intermediate sound between tin- vowel and «, i>rotlneed 
by uttering the vowel w hen the soft palate is adjusted for 
«, just as (ft is an interunHliate sound formed by uttering 
j with the lips in the [Hisition f»)r «. Here, again, as in 
French, the vowels «,o, ami care those wltich are gener- 
ally pronounci d in thi.s manner, though witliout the same 
full sound. The nasal i and « are, liowever, very com- 
monly mot with in the Swabian and A leniannic dialects ; 
a.s, for instance, in thun, uUrrTiti'haint, Inn, ll'in 1 11 Via). 

« i 

. ThK liKSON.V>T.S. 

The .terra resonants has, since its introduction by 
Priteke, la>on umlersttxai to expresH a distinui class of 
articulate j?ound», which, though generally included by 
grammariiihs among tho Ansonants, have, when tfee 
elements are considered of which they are composed, 
much greater afbnity witlr the vowels. They are the 
three sounds m, n, and ng (as pronotineed in German).:^ 
Grammarians are, however, conscious of some pecoliaril^ ; 
in these sounds, and readily aUosw, if they examhie inkt'^ 
the character of articulate sounds with mty minutoneini^H 
that the sounds m and a (disr«^pirdiiig »y} are 
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vowels. Hhai Ulis distinction is, however, only j* 
slihwn by tbe circumstance th^t r and i, and even/, 
i, and «, are placed in the same category. 

The peculiarity ivhich jfidtifiesi the. separation of the 
three sounds just mentioned ffom the list of true conso- 
nants, is due to the aJisence of noise'in their formation, 
they, lilie voivels, consisting merely of a modification of 
the laryngeal tone by the varying resonance of the air- 


passage. 

In order better to understand tbe position in which 
these sounds stand with regard to the vowels, we will 
first direct our attention to a particular form of the 
vowels which is not and cannot be adapted to speech^ 
If we try to utter a nasal vowel, at the same time closing 
the nostrils, the quality of the nasal vowel will be dull 
imd impure. Moreover, to carry out the experiment 
successfully, a gentle current of air must be employed, 
which should n«>t be driven with too great force into the 
nasal cavity, hnt^ allowed freely to escape through the. 
cavity of the mouth. Such •impure sounds are some^ 
times involuntarily produced •when the nasal ieavity ia 
filled with mucus. We shall be perfectly justified iu'- 
regarding such a vowel, which can only 'pass outVards 
through the cavity of the mouth, as an oral vowel; 


dull nasal quality of the vowel is, however, due to part 
the current of air emplc^d In its fonnationl)pmg*di^yetii| 
into the nasal eavity> from which, the anterior 
being closed, it is again expeUed, ^0 nasal eatity jap 
therefore, a blind appendage of the aw-pasaagi^ 
which part of tha cumht of air eddies^ 
joining the mi^ stream- Jt if this hollow 
the nasal whiidt cz^tea tha duU ; 

' Tha peculiar ia^hoimirer^ 

opnforiQiatioa: ol tha daviil^;j(^ tha^hh>nth,^^^l^ 
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sound in question is a vowel acoompanied by the nasial 
quality. Unfortunately, i^t is impossible to show by ex- 
periment hoa’ this resoimnce will differ according to the 
more forward or l^ackwarti'pbsition of the closure of the 
nasal cavity. Theoretically, however, there can be no 
doubt that the point at which the closure takes place in 
the nasal cavity will affect the sound, since the resonance 
in a deep vessel is different to that in a shallow one. 

It is an interesting fact that this same nasal quality 
is heard if a stronger ctirrent of air is employed in the 
formation of the pare i and the nostrils are closed. The 
soft |>alate in i is raised to its greatest height, which 
causes it to become extremely tense, and enables it to 
transmit the vibration to the air of the nasal cavity, and 
so to excite the resonance whicli is blended with the 
vowel-sound. This experiment is not so successful with 
tlie other vowels ; it succeeds best with n, which stands 
nearest to i as regards the position of the soft palate. 

The same peculiarities form the foundation of the 
three sounds which, as resonants, constitute a separate 
class of trticulate Boands4 Their origin, namely, is due 
to a ciu'rent of air which, rendered sonant as it issues 
from the larynx, passes outwards through the nastt! 
cavity ; the ©avity of the mouth, closed anteriorly, forniing 
e closed expansion, so to speak, at one side of the stream, 
and mingling its resonance with that of ibe nasal imvity. 
The three Wands, therefor^ owe their individuality to 
the |>omt at which fhe closure of the cavity of the mouili 
is effected ; that is to say, to the depth of the lateral ^ 
expansion of the air-passage formed by the portion 
the cavity of the mouth ©mployetl. For m the closure j 
effected by the lips ; for », h^y the apex Of the tongue g 
the har4, palate; for ng, by the root of the tongue 
the soft palate. • , ;rtf| 
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The f<«rm of closure foinued by the lip^ for m is so 
clearly defined as to render a^y important modificatioos 
of. ibis sound impossible. It is true that even when the 
lips are closed the form of tfie eajrity pf the mouth may 
be altered indifferent directions, by expanding or drawing 
in the cheeks, by protruding or retracting the lips, by 
more or less ffrmly closing the jaws; these alterations 
do not seem, however, materially to affect the character 
of the m. The only perceptible infiuence arises from 
the position of the t^ongue, the sound of m being more 
sonorous when the tongue is depressed than when it is 
elevated. It is, however, difficult to say whether this 
difference is due entirely to the depression of the tongue, 
or whether it is not caused by the depression of the 
larynx, which would almost necessarily accompany that 
of the tongue, and which would lower the fundamentfd 
tone. 

The case is different within, in the formation of which 
the point of closure is less i^curately defined, being in 
some instances more forward,® in others more backward; 
The most forward point at wliich the closure scan taite 
place is between the apex of the tongue and the inetsOrs 
of the upper jaw, the most backward that betwe^ 'jdiO 
dorsum of the tongue and the posterior portion of the 
hard palate. The farther forward the pomi of ohwnzn 
the clearer is the sound, the more backward, the* dnllor. 
This may arise from the difference in the capacity of thb 
portion of the cavity of the month thus m^nked off 
this yaiying point of elospre ; the greater clearue^ bf ! 
the « formed hy the more forward point of dosuiO 
however, be due to a less complete ~ 
cavity of the moutii;; some air escaping 
the torgue, and intpa^ the.- aonndv.a fimf^l^ |i|i 
vthe. elearer '.idiaraoter of.. the atsJ>\ao«iiidg..-.:. ■ 
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Beems to be supported by the fact that the w, which is 
formed by a still more forward perfect closure, never has 
the clear quality of the n formed by the contact of the 
apex of the tongup witji tlm teeth. 

For Hg the point of closure is between the root of 
the tongue and the soft palate. Here again, however, 
tlie point at which the closure takes place is not ae* 
curah-ly delined, but may be anywhere between tl)e free 
margin of the soft palate and its attachment with the 
hard palate. The latter point of contact for so closely 
approaches that for », that the sound resulting from this 
closure contains almost us much « as »//. Tims a eon- 
tinnous series of resonants may be formed by contact 
of the tongue with the soft and vvith tlie hard palate, 
which, beginning with the clear « by closure at the 
teeth, passes through the various stages just alluded to, 
and terminates with the pnure, deep w/ by closure at tbe 
free margin of the soft palate. This explains why the 
sound is often either not mentioned at all, or merely 
regarded as a very backwainl • guttural) n. The existence 
of such transitional /ormr does not, however, justify us 
in uniting two typical forms connected ly a chain of 
intcfnnediate forms so that one is regarded as the typical 
form ami the other merely as a modifioation ; if we 
vrished to jpve a single expression for the two typical 
forms we should take tlie middle transitional form, re- 
garding the other forms a^ special developments of it. 
We might, tberefon,*, consider the sound ae as typical^ 
and the sounds a and e as motlificaiions in opposito 
directions ; but we could never regard « a» a variety of yf. 
There is another difficulty in explidning the formation 
0 l ng } when, for instance, it arises from <Kmtact between 
the rootpf the tongue and the free margin of the soft 
palate, the cavity of the mouth is entirely cut off frtmt 
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the air*pfU38age, and cannot^ therefore, as in the forma^cni 
of other resonants, form a blind expansion at one side of 
the air*pas8age. There is, ^wever, no ^onbt that a 
resonance arising from sucli a relatio^^: forms one of the 
components of ng. We mast*suppoSe, therefore, that m 
this case the vibrations are first transmitted to the soft 
palate, and by the latter to the quiescent layer of air in 
the cavity of the month, just as we explained the partici^ 
pation of the resonance of the nasal cavity in the for* 
mation of the pure i when the nostrils are closed. If 
the point of closure is slightly advanced, the portion of 
the cavity <5f the mouth opening into the air-passagb 
will still be comparatively small, and we may therefore 
assume that when ng is produced under these conditions 
the resonance of the ca^'ity of the mouth wUl BtOl bo 
partly excited by the soft palate. The point at which 
passes into n should perhaps be considered as marked 
by the cessation of this aetiop of the soft palate, and the 
difference between n and will therefore consist less in 
the difference of the point of closure as in the partiet* 
pation or non-participation Of the soft palatb in tho 
production of the resonance of the cavity . of the month. ; 


The CdSsonAKTs. 


The characteristic founda^n for the fmmatidn^^ i^^ 
that class of artifiulate sounds whfoh^e call oonsonanj^' 
is supplied by the noises whidh can be yolonta^y 
in the air-pasaages by the current of afr jHuming thro 
them. It has idfoa^ been s^m ^at tiie 
mouth ^nepoftiessesf the: p(^er of meaii^ 
of such ndises^ lusdHhat^ tire 

employed as; aitic^ 

■X. 
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1 . . 

d«vot« OUT attention entirely to the noises belonging to 
the cavity of the mouth. , 

Noise alone has no loud quality, but derives its i«n> 
portaneo from biiiuig eoart>ihod with and interspersed 
between tuusieal sounds. Renee the name “eon-sonants” 
for the articulate sounds thus founded upon noises. The 
value of such a consonant will, moreover, bo greatly 
increased if a sonant current of air is employed in its 
formation. Thus there are consonants with tone and 
without tone, or, according to the .general terminology, 
temu's (without tone) and meiiua (with tone). Since, 
however, with few exceptions, every noise employed as 
an articuhate sound can be uttered either with or without 
tone, and so assume two forms, it would be better to 
dbtinguish a tone-containing and a toneless form or 
varit ty of consonants. 

The toneless forms of consoimnts are again commonly 
called hard consonants, and the forme with toiie soft, the 
difference between which was formerly supposed to be 
that the bard consonants were connected with an as- 
pirate wTiich was wanting’in the soft, sj) that, for instance, 
p = /) -f. h, tijat is to say, the (hard) p was produced by 
uniting h with the aspirate h. Although this view is 
now generally rtyectod, being superseded by the dis- 
Yinction given above, yet at the same time it rests iipoii 
the ptVfeClly correct obs^vation, that the consonants 
with tone (soft) are |iroduw;d bj- a weaker current of air 
than those withonftone (hard). This fact is the more 
worthy of attention, since'^it is not due to chance but 
to an arrangement which is of absolute necessity. Wo 
know that the toneless current of air passes through the 
wide-open glottis; when, on the contrary, the curreni 
is sonant, the glo'ttis must l)e greatly eontracted and 
adjusted for tohe ; much less air will, however> pass in a ; 
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given time iiirongh the glottis in its eoi^tmeted form 
than when it is wide again; consequently the sonant 
current of air will be weaker (softer) than the toneless. 
A consonant with tone cad, ihe»efor<?, never he uttered 
with so much force as one without tone. On the other 
hand, the consonant without tone is to some extent 
obliged to make use of this greater force of utterance ; 
for the consonant with tone, on account of its admixtnre 
of tone, is full and sonorons. So, if the toneless ©rai- 
sonant, which has up volume (therefore temm, thin), is 
to become of equal imx>ortance, it must make up by force 
of utterance what it lacks in tone. Therefore it not 
only can but mast be uttered more forcibly, that is to 
say, with a stronger current of air, and hence the idea 
that the addition of a stronger aspiration distinguished 
the “ hard ” consonants from the “ soft,” 

We now see, moreover, that the difference between 
the two forms of consonants is not merely marked by 
the absence or pr^ence of tone, but that, the fandamentel 
noise being the same, the toribless consonant is as much 
characterized by a more forcible utterance as^th© con-; 
sonant with tone by the admixture of tpne.«^-Thu8; ■ 
adhering to the example given above^ nnd /3 standing fpr * 
the noise as created by a moderate cnrFeni of air, tte;| 
difference just described may be expressed by tiie for**' , 
mula: 2> ^ + increased pressure of ai|v ariS A 

4- tone. , -■ 

The two sounds A and r may Ite regarded as ihn ) 
limits of the consonants in t^hese two directions f Whsi^;| 
used they are both ionelesSj though hroxn entirely 
reasons. find that prodneed 1^ a currei^^plf a^| 

escaping through the wrie-’Open month u|^:thepii^ 

wbieh it makes hut little fricative 
';readi|y with >t<^e;; /d>ut:^that 
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paepng trough Uie mde'*oi>en mouth, at once aasom^ 
the irowel'Chariicter «, the full sound of which completely 
annihilates the weak noise h. If A is to be heard, it must 
be uttered witbont tone, •'it is different with r, a full* 
sounding vibratory noise, •which cannot combine with 
tone, for a sonant current of air has not sufficient force to 
throw the uvula or the apex of the tongue into vibrtition. 

As we are now abont to take a survey of the possible 
consonants, or those in general use, we must make 
oiu* so-called alphabet the starting-ppint, notwithstanding 
the many deficiencies and inconsistencies which, as we 
have already remarked, it contains.' We must, however, 
strike out the following superfluous letters before making 
use of it : c (hard, as in call) and q as being the same 
sounds as k, v as being the same sound as / or w, and 
X, c (ci), and s as not being simple sounds, but the 
double sounds A# and tn. We may further strike out 
IP, by dy tfy as they are merely modifications of/, p, t, and 
k, made by addition of tone, which wo are the more 
justified in doing as the seHes is incomplete, there being 
no lettei* in our alphabet Co represent the modifications 
of 8 aiid ch. 

The remaining consonants may be classified in two 
ways — (fither from the nature of their distinctive noise, or 
from the place where the noise is produced. The first 
method giy^s a division int^ continme and repentimie; the 
latter .are generally called exphgirae, because these 
sounds predominate in the repmtinm. The second 
method employs the term4 labiate, denial, and palatiU 
sounds, according as the conditions for their formation 
are present at either of these three places. Dividing the 
consonantal noises, therefore, into labmU^ den-htU, fujd 
we have the following table of noises and the 
consonants arising from them t-~- 
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StREHTCB. LABIAXtlS. DbIITAMB. GvTTOBiUilg. 

1. eontinmu • 

■ spiram — \ — — 

stridulm f • * y ch 

vibram r ■* r r 

2. repentimu 

avuUivwi — clicking sounds — 
expltmvm p ipa) t (ta) k (ka) 

occluaims jp {ap) t{at) k(ak) 

This tabic is obviously imperfect; for we miss three> 
very characteristic sbuuds, namely, I, j, and ach. They 
are generally included among the dentals, but though 
the apex of the tongue is approximated to the teeth, af 
in tlic formation of the dentals, they cannot properly be 
classified with the latter, for they offer one most im>- 
portant difference, namely, the direction of the current 
of air. In all the consonants given in the above table, 
the omrent of aq; is confined to the middle line of the 
cavity of the mouth, or better^the current of air traverses 
the cavity of the mouth in tha dir^tion indicated^ by the 
middle line. Thus it passes alonj^ the entue length ol^ 
the dorsum of the tongue, finding an mcit betvreeu tlM ' 
apex of the tongue and the upper incisors,', ^ In the thme; 
sounds in question, to which must be add^ a padlenlaii i; 
form of r, the current of air is impeded by ^ 
betwasn the apex of the tongue and tbe mmsors; 
therdbre, over either side of the 4cluam of the ; 

and passes out between theHower eiWEace of th^e 
and the lower incisors. These lour soundt coh^ 
form a separate group, which, ac their jnoduefaoi i^^ 
to the edges of the tongue, rnay be te^ 

Those poiidaatvducht^^^i^^ 

..the ; points <rf.-:artieUla^d^:heeayte''tbere\^ 
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maiion or contact of the opposite portions of the monf;h 
necessary for tlie forraatiop of the noise takes place, and 
w therefore distinguish a Ipbial, dental, and a guttural 
point of iirticulati^on. •From what has just been said, 
this number must be increased to four, and the marginal 
point of articulation added to the three already enume- 
rated. 

Again, it may bo asked, are we not justified in re- 
cognir.ing a fifth point of urticulatiou in the larynx, that 
is to say, in the glottis of the larynx,? That an tarplosh-f 
can undoubtedly be formed here has already been re- 
marked in speaking of the *• groan.’' A eontinua Mri/luht 
is also possible when a strong, forced expiration is made; 
this, when the mouth is oj>en, has tin? sound of a deep, 
rougli h, an<l is in general use as the first sound of a 
syllable. It is heard disthietly in “ panting." The deep 
English r in are and inor*: may be regarded as a continua 
vibmns, having little of tjne rattling sound which is 
generally characteristic of the r, but bearing more re- 
semblance to a lumr.se brbath ; it has, therefore, been 
described as " something between a and nothing.” 

In,tbe follo\yiug description of the separate cou.sonants 
‘the “clicking .sounds” UtvnUirae) are left entirely un- 
noticed, *as a place was assigned to them in the section 
Upon noises, and they are never employed in the languages 
of civilized imoples. i|^ 

^Ye.lleed also pay no further attention to h, than to 
remark that when fne b:>ngtie is depressed almost to the 
position for u, the sound is ‘somewhat duller than when 
the tongue is more raised. 

The IjahmU, 

• ’ p, h; /, w. 

The labials ‘are r^iarkable for aihiipUcity in theiif ^ 



foi^mationi For the explosive p the lips are firmly? 
ciosefi so as to resist the pressure ol the current of air 
which is driven against them by the force of expiration, 
and further increased in st^etjgth, by the elevation of the 
floor of the cavity of the month. If* now the lips are 
suddenly opened, either voluntarily or through the 
pressure of the air accumulated against them, the ex-y 
plosive sound is heard. The sound cannot be produced 
alone, for the current of air which thus let loose 
follows upon it with^a breathing sound so closely, that 
even when it precedes a vowel this breathing sound, 
though scarcely audible, forms a hiatus between the two. 
The occlusive p has a somewhat different sound, namely, 
a short and hard one ; it cannot, of course, bo followed 
l»y the breathing sound, if formed with perfect purity. 
This, however, is very rarely the case. The occlusive p, 
namely, cuts off the current of air with a force which 
considerably exct eds that with which the lips are brought 
into a position ^of rest. It follows, therefore, that a 
relaxation takes place in the* force of closure after thC : 
somid is formed, and the aia which is compiei^ed by 
the sudden obstruction breaks through the now powerless 
closure, and gives rise to a weak explosive p. It par-r* 
ticular effort is required to avoid this second sound. It 
is not, however, in any way detrimental to speech, 
offering, on the contrary, the slight advantage ol jipyuagy 
a little more volume to the very sdandt^ .O^lusiye p. 

In 6 we have the p with tone in ihe explosive as 
as in the occlusive form. Xa the explosive fonu it is adt| 
followed by the breathing sbtmd for many reasoim, a^^^ 
which ate based upon ^e character of ^e cutest- ^ 
air produoii^ the weak and 

The separation of the lips is» Uierefore, genen^^;^|^^ 
by voluttUiy'^;mn8<»dat ^.aetm^vjind;;1^?^n*^^ 
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•after its momentary obstirnction flows rather than 
bursts out (explodes) ; tbo air, therefore, does not follow 
the sound with such force or in such quantity as invj}. 
Then, again, the current M' air, being sonant, may be 
immediately attached to a., vowel. For this purpose the 
cavity of the month assumes the imsition necessary for 
the fonuatiou of the vowel, and the lips ore opened at 
the moment when the tone is produced ; if the tone 
commences before tbe opening takes place, an m is heard 
before the t>, this being the resonant formed by closure 
at the lips. The occlusive b is loss short and hard than 
the occlusive p, resembling it, however, in being very 
wanting in volume, and in acquiring more sound from 
being almost necessarily followed by an explosive 6. It 
would almost seem ns if the occlusive b were altogether 
without tone, therefore a weak p, and only acqturcd its 
b-cluu-acter from this attachment to an explosive b. 

The origin of / is due to a fricatjve noise produt^ 
by a current of air escaping tlirough tl»e contracted 
opening of the mouth. Tlr^ small orihce maybe created 
by the most dilTerent conformation of the lips, an / 
ensuing when the Ups are rounded and protruded as well 
-as wh£n they are drawn hack and flattened ; it can also 
be formed by allowing the air to escape ihrongh one 
i^ngie of the mouth, or, again, firmly closing the central 
part of thy lips, throu|di both angles. It would be 
useless to dikcuss the cliamcteristies of these untniportant 
varieties of/,* it wtU be sufticient to remark that when 
the floor of the cavity of the mouth is raised and th^e 
upper lip protruded a clear / is beaid ; a somewhai 
duller/, on the contrary, when the floor of the cavity of 
the mouth is depressed and the lower lip i^otru^Mi 
beyond the upper. . 

The Crennan,w (Engli^ u) is due to the uame v; 



m f, of which it 18 iirodaoed by addition pf toae* wmI 
under similar conditions exhibits the Same varieties as 
thsse just described for/. 

The D^taU. 
t, ds «, (English). 

In the formation of the explosive t the air^passage is 
obstructed by bringing the apex of the tongue against 
the anterior portion of the bard palate ; a partial 
stoppage is, it is true, sulSScient, but of course the better 
the contact the mors complete will be the sound. The 
apex of the tongue alone is not sufficient for the most 
perfect contact, but the entire margin of the dorsum of 
the tongue must be brought into contact with the molar 
teeth> so that the air becomes compressed in the space 
between the palate and the dorsum of the tongue. In 
this case, however, the sudden removal of the tip of the , 
tongue suffices to produce the explosive i. The point at 
which the apex of the tongue effects this closure is by no 
means fixed, but varies considerably, between# namely, 
the free margin of the upper incisors and the ptMterior 
margin of the hard palate. The upper dr lower lujr&ee i 
of the apex of the ton^e may be placed with eg^ual 
facility against the teeth ; higher up, or fu^er back, tb# 
imder surface is more readily used. Thiit differtoce in 
the manner and locality the closuro elBdbted;^^^^^b^^^^^^ 
apex of the tongue (pves rise to seymial vaiietdea dl tibe I, ; 
but it is oidy necessary to m more impm^m^t f 

fact, that the sound of t hsoomea deam doanre vlaf 

niade more fmi^ if it tak<^ pla(» 

baclu 1^6 sanm rmnsi^ applies to tdm pure 
pt t as to. |>.;,;,ilihat -d>,:in-'.p toa-explomye ’i^ia'nab^l^p^ 

;l(dtowed.by.a;br«i^ph^^ 
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n<ssi sound, intervenes as a hiatus. The occlusive t, which 
may be formed at any of the points of closure for the 
explosive t, is, like the occlusive p, a short hard sound of 
little volume, which, howevet. and with advantage to its 
sound, is almost necessarily combined with an explosive 
t, because the apex of tin* tongue immediately puts an 
end to the closure in returning to its position of rest. 

/> is the unHlitieation of t {»rodueed by the addition of 
tone, to which it stands in exactly the same relations as 
h to p. It can be formed both u.^ an explosive and as 
an occlusive at the points of closure effected by the 
tongue for t. Like Ik luid for the s'ame reasons, it lacks, 
if explosive, the subsequent breathing souml ; and again, 
like h, if occlusive, it only acquires its full sound when 
followwl immediately by the explosive form. As regards 
combination with vowels, the explosive d differs somewhat 
from the corresponding h. The necessary adjustment of 
the cavity of the mouth for the vowel which follows can- 
not take place before the formation of (ji> as was the case 
with Ik but must be broulght about by a rapid change 
in tlm position of tlie tongue after the closure. If tone 
is formed during tlie time of closure, an n is heard with 
eveiy ^variety of </ ,- all the point.s of closure for t and 
d being the same as tht)se employed in the formation of 
the resonant n. 

S is a •fricative noisn produced between the apex of 
the tongue and the points of closure employed for t ; a 
pure # cun, liowevfr, only be produced when the upper 
surface of the tongJie serves’t > form the obstruction ; this 
surface, again, must be hollowed from side to side, so that 
the current of air flows forward along a more or less 
narrow path. I’he different varieties of t which can be 
formed are due |>artly to the different character of th« i 
closnre, partly to the •width of the psth along which 
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current of air flows upon the dorsum of th^ tongue. A 
broad stream gives rise to an irqpure hissing « ; a forward 
closure gives a clearer, a backward a duller $. the 
attempt to form an s witB the mnder surface of the 
tongue only succcf^ds in prodaoiug a itissing or rushing 
sound, which calls to mind tsch («/t English), fromwliich, 
howev<!r, it is as far removed as from «. 

If contact by the upper surface of the apex of the 
tongue is effected in such a manner that it is only 
brought against tlie Jower margin of the upper incisors, 
though at the same time the apex of the tongue may 
protrude bt!yond the fevel of the teeth, the English tii or 
the modern Greek 0 is heard. 

There is a sharp, toneless form of s, ih, and 0 corre- 
sponding to the/bf the labials, and a soft form with. tone 
which corresponds to the w (English v) of the labials. 


The Guit^irals. 
k,gr*ii. 

If contact is formed between the baok part et the ,, 
tongue and the back p^t of the palate, an explosive 
sound k will be beard. The anterior limit of this region 
for closure is also the posterior limit of that for t^ whiofi ; 
explains why children, before they are able to fom th^ 
more difficult guttural closure, employ t instead of 
{tind, dire, instead of yfre); Bruoke,* howeT«| 

correctly remarks that tb© question whether t 
is formed depends not only upon the 
the point of closure, hut also upon the ppsitioni )uf \^i| 
tongue;. Between the (^Ssthi^ spaoe ^mx ;^e 

* Qrqndsage dsr 

;18SS), S.;43, i' 
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/ and tho di^tinol space for k lies, namely, a third space, 
vhloh may he employed .at will either for k or for t, 
Th6 limits of this space are very clearly marked ; we 
need only remember thab ifa forming f the upijer sur- 
&ce as weU as the lowes surface of the apex of the 
tongue may be employed. If tho contact between the 
dorsum of the tongue and the palate is gradually made 
further back, a point is at length reachtid, w'hen the 
explosive sound coj*re9|M)nUiug to the Closure changes 
from a t to^ a k. If the experiment is made with the 
lower surface of tho apex of tlie tongue, a point will 
again be reached, when the explosive sound changes 
from t to k ; this point w'ill, however, be more backward 
than when the experiment was made with the dorsum of 
the tongue. The space between these two points is that 
intermediate region, wdncli begins, therefore, with the 
posterior limit of the t formed by the dorsum of the 
tongue, and terminates with tho })osterior limit of tho < 
formed by the lower surface of the tongue. Varieties of 
k as of t are formed l>y altering the locality of the 
closure, ^ut here the variiities form two distinct classes, 
that, namely, of the forward k, and that of the backw'ard 
k, ITio cause for this division lies clearly in the different 
nature of the ports of the palate employed for the 
closure, the posterior portion of the bard palate being 
used for the forward A'^he soft palate, on the contrary, 
for the backward A. Tht«o varieties of tho explosive A 
are represented by*an equal number of varieties of the 
occlusive A ; the occlusive •A, how’everj even more thaa 
the occlusive t or p, only acquires its fall im{>ortanee 
when followed by the corresponding explosive sound. 

In g (hard) we have k with done. To p, inoreoveii: 
applies ail that has )>cen said with reference to A, bei|i| 
as regards the .limits jof the region of ofosure, and 
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correspondenoe between tlie explosive IU|4 occlusive 
forms, 

.The corresponding fricative noises are those which 
are expressed in German \ff£h. , The difference which 
has been pointed out l)etween «the forw&rd and backward 
k is still more marked in the fricative noise. To the 
forward A; (formed with the hard palate) corresponds, 
namely, the pure, clear, fricative noise which is heard 
after i and e (in Lkht, Peck, Germ.) ; to the backward k 
(formed with the soft palate) corresponds the rougher, 
deeper fricative noise following a, u, o (in r>ach, Wucht, 
Germ., Tjoch, Scotch)*. In the latter we readily notice 
the addition of a trembling noise produced by the 
vibration of the soft palate, which to a certain extent 
assimilates this ch to the guttural r, as appears, for 
examjde, from the name of the river Aar, which is the 
same word as Ach in the names of the rivers IVolfach, 
Guiach. The difference between the two sounds of ch is, 
however, so great that we seem to be justified in dis^ 
tingnishiug them as dd and* adt. The cW-form com- 
bines more easily with t and^, and the ach-form more 
easily with a, o, and u, because in the formations of t 
and e the tongue is placed more forward^ and therefore 
easily passes to the chi-position, while the ach*pd8iti^ 
more resembles the backward position of the tongue fof 
a, o, and u. In proof of the correctness of this ^sen^dn we 
find that the ach-sound can only be combing with an I 
or c by means of an intermediate > (t[a]ch, 
provincialisms 'for ich, Mpeken). This shows 
tongue, in its transifidh i^in the vpomtum to 
position, must pass through the a-positidn. ' . ^ ^ 

The two kinds of guttmal fincaldve canidli^ 
made with to)^e, tbough these sounds*are hot redn|M^! 
at least in t^e g^^ df the jGermaifi, 
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Bomanco laugungos. 'they <lo, however, ap^xjar in dia- 
leets. The vh with tone is heard in the Norfch-Germ'an 
pronnneiatitMi of *; (for instance, in //»()> which I’csoinhles 
/, thou-^h it is not j\ /vs x^b- *810111 presently show. The 
(fc/i with tone also appear^ in the Nortli-Oerman dialect 
as a peculiar proniuiciation of k (for instance, in Koiii;/), 
and a!?ain in the Ah'mannic dialect in ilie pronunciation 
of k (for iustauce, in komm). 


Tki" ^^rlr;|inal^. 
l,j, sell. , 

We have already described the peculiarities which 
are comman to the inurginal sounds. Tiie three sounds 
jvist enumerated all beloiij' to the fricative noises, and 
thoui^h wc shouhl also distinguish a marginal explosive, 
it has not hoeii given with the above, as it can scarcely 
be employed as a separate sound. )Ve shall, however, 
presently descril'c it. 

In the formation of the three sounds enumerated 
above, tl/o apex of the to/igne, or a part of the tongue 
near to the apex, is brought more or less firmly against 
the ailterior portion of the hard palate, and the current 
of air is.thus f<jrced to flow over the sides of the tongue. 

, In 1 the a[(ex of the tongue toucht;s the posterior surface 
of the .upppr im'i.sors,4h<»ugh the point of contact may 
be either h'lgher or more backward ; the entire dorsum 
of the tongue is at tJie saiuo time so much depressed that 
ife edges He rather below the lower margin of the molar 
teeth. It can also be foriued with tone as well as 
without tone. 

In the formation of y a soin^what longer poition of 
the upper surface of the apex of the tongue is brought 
against ihe alv^uhir process of the upper jaw, and the 
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entire dorsum is so raised that its edges lie lightly 
against the molar teeth. The apox may, however, be 
placed lower against the posterior surface of the teeth, 
or further back, against th^Jiar^ palate, provided the 
edges of the tongue occupy ^le position described with 
regard to the molar teeth. The under surface of the 
tongue may also be employed in forming contact at any 
of the points mentioned, but the 3 thus produced will be 
dull and impure. Thus the formation of 3 is due to the 
apex of tlie tongue being placed firmly against the upper 
jaw and the air then passing through the narrow crevice 
between the edges of the tongue and the molar teeth. It 
is dear, therefore, that the similar sound which was 
described above as the chi with tone cannot be identified 
with it, being produced by a perfect e/n-position of the 
tongue. The toneless j is more used in German, as in 
jetzt, tho modification with tone more in English, where 
it is written y, as in year, yomkr. 

For sch the upper surfacd of the apex of the tongue 
is brought against the alveolar process of the upper Jaw, 
and the dorsum so raised tliy^t its edges lighily press 
against the inner surface of the molar teeth. While 
forming this sound the apex of the ton'gue freq[Uently 
falls away from the upper jaw, and thus an « m inike^ 
with the sound. When uttered as a pure marginal 
without this admixture, the sch has a mQre itissing 
sound. The English sch (written sh) has* more ihiis 
sound than the German, though itsalso is not'^thpul 
the s-^sound. The sch in general use cannot, therefore^ 
be regarded as a pure marginal sound, but 
principally a fricative noiae produced by the edges of tbei 
tongue, and therefoi% >s ^ the niar^bsaUk 

Seh also may be either (/ticke) or be pron^niio^ 

with tone (sd^, . 1 ?": V f: 
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•f « 

If the tongue is placed in the position for the for* 
motion of «(*//, and a strong onrreut of air suddenly 
driven through the cavity of the mouth, without re* 
moving the apex of t},ie thttgue, a hard UcA is heard, 
which may be analyzed into a marginal explosive t and 
a pure marginal scft. This double sound appears in the 
well-known Oermau refrain : t»chin tschin ratapluii. 


The Vibrantis. 

♦ 

Vibrating noises can be created at all the i>oints of 
elosmre suitable for the formation df consonants, and all 
have the sound of r. Thus there is a labial r, a dental 
r (formed by the apex of the tongue), a forward guttural 
r, and a backward guttural r, a marginal r, and pro- 
bably a laryngeal r. 

Of these six, the labial r can scarcely be employed as 
an articulate sound, though this is said to be the case 

in an island not far from New Guinea.* With this 

( 

exception it is only used as a kind of interjection, and in 
some coiintries as a sign to horses to stop; in both 
cases it is, however, accompanied by a vibratory noise of 
the prbtruded apex of the tongue. 

For dhe denial r, also called the lingual r, the 
apex of the tongue is turned upwards and placed behind 
the teeth ; ,and when dtriven downwards by the force of 
the current of air, it springs back again to its former 
position. • 

The forward guttural r is formed between the raised 
dorsum of the tongue and the hmrd palate. As, however, 
the dorsum of the tongue has little capacity for vibra- 
tion, there is not much roughness in this r, and it Cftn- 

• Briicltp, Grnmlzuge’^der Phyziologie und Syat^uatik clcr Sprocihlfttito 
(Wien, 1856). 8. 35. , ^ 



uot be pToaoanced very loiifflyi StUl, it.ie the form 
most eommohly used in Gern^n. 

• The backward guttural r arises from the vibration of 
the uvula in a groove fonftet by rhe depression of the 
root of the tongue. It is very common in French. 

The marginal r is cdused by tbe vibration of the 
edges Of the tongue, when the apex, is pressed against 
the most forward part of the palate and the air is thus 
driven between the molar teeth and the edges of the 
tongue which lie clo%p to them. 

The pcwsibility or probability of a laryngeal r has 
already been discussM^ 

These varieties of the r ihust be regarded less as 
different articulate sounds than as different forms of tlm ^ 
articulate sound r, and thus the choice of one or the 
other form depends partly upon the combination 
other sounds, partly upon individual or national pecu- 
liarities. 


The DoiMe Oinsonantg. • 

Any iwo consonants can be pronounced qtacUy one i 
after the (dher, some ^ily, others mth more 
When this association is difficult, either £roih the^^:C^^ 
racter of the sounds or hepm individual incapctcil^,^^^^^ 
small pause intervenes between the two 
which may be merely a l^ath or silent pame 
or else may tslmthe loim ofrfi 
pmb bmdtte is bmst 

two ccttsoiis^, are situated; between two vow^ .^ 
when the two consonapts belong to the same 
..a^d. '.are^'^o^leffi^' 'snsily assomated::;;'4br^:;:|d^l^i^ 
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hiftia 9 ftgftin invariably appears when the consonants 
belong to two combine^ vtorAa : ab-legen, un~gmm, 

The hiatus may be fiile'a either by a vowel or a 
consonant. ’■ 

This vowel will be an indistinct vowebsound formed 
accidentally by the mouth assuming the position for 
each a vowel in passing from the position for one con- 
sonant to that for the other, the current of air flowing 
contiunonsiy. It is generally an ejermi, with, however, 
a sound of a or o — Kreitii'l, Liniept'r ; a distinct n-soiind 
appears if we try to associate, witli p — ch{u)p! a 
similar sound, though approaching to o, is heard if we 
try to pronounce jk with the most backward k — ■Jio)k, 
Individual incapacity is in a great measure the cause of 
such interiwsitions ; there are j>er80us who find a diffi- 
culty in pronouncing successively almost any two con- 
sonants, even those which are most easily associated, 
saying sahdr-ef, ffihb, etc., instead of sfharj, gelh. 

It can scarcely be srfld that the hiatus is actually 
filled by a consonant, hiit ratljcr that the transition ia 
facilitated by the interposition of a consonant which is 
easily connected with one, especially the first of the two 
other consonants. As a rule, however, a hiatus follows 
oven the interposed consonant ; hut the duration of the 
hiatus* is so diminish^ by the interposition of the con- 
sonant, that the latter may he said at least to partially 
: gdegmtlich,*Jluini»i'eil<‘hen. 

Many combinations of two consonants are so eswily 
pronounced that in writing they are expressed by one 
letter (a?, z, \f,). This fact gives rise to the question 
whether among the consonants there mre not donble ; 
sounds similar to those which in the vowels assume the^ 
form of diphthongs. .Before answering this question, w«w 
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nmst bave a clear idea as io the conditiona 'which most 
he fulfilled for any combination of consonants to be 
regarded as a doable consonant (consonant-diphthong). 
There will be no difficulty In* doing this if we consider 
the consonant-diphthongs from the ^alne point of view 
as the vowel-diphthongs — regarding, namely, each one 
as an unit, in which indeed we recognise the constituent 
elements, but which under any conditions can or must 
remaip a unit. The best way of proving this seems to 
be to pronounce such a combination of consonants 
between two vowels. If they are separated by a hiatns 
it shows that the combination is imxierfect, and renders 
it impossible to regard them as consonant-diphthongs. 
If now, setting aside the resonants, we try all possible 
combinations of consonants in this manner, we find that 
no two can be pronounced between two vowels without 
a hiatus, though in some instances it may be almost 
imperceptible. maj* consider this a sufficient proof 
that there are no.true consonant-diphthongs. 

This, however, should not^eter us from investi^ting 
those combinations of pure eonsonauts (with hhe e&eep^ 
tion of the resonants) which under certain conditions 
can be pronoimced without hiatus, and therefore^ wder 
these conditions may be re^rded as analogued of ebtt-; 
sonant-diphthongs. These conditions wiU natursdly be 
(1) when pronounced alone, (2) when employed* at the; 
commencement, (3) when employed at the ternnhatic^ 
el:a'word. 

As the remarks 'WO shaU ffiake upon each 
equally to the corre^nding media, we shall in the fi#: 
loqring discussion devote our atteution to the 
though the med«^ may smnettmes be employed as* 
amplea. It ^1/ however; first to partid^diiM^ 

a few sounds fi)^ IheAake^breyitj, naraely^:^ i 
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The iSr and ch (chi) formed al the anterior part of the 
soft ptUate as apd ck^. 

The k and <•/« (aeh) formed at the lower part of the 
soft palate as A# and 

The four middle r’s as r* (labial r), r* (lingual r, 
formed by the apex of the tongue), r” (palatal r, 
formed at the bard palate), r* (formed at the 
soft palate). 

Let us consider first the combination of an erpltmva 
followed by a amtinua. It would sepm that such a com- 
bination should be very easily' accomplished, as the 
current of air which has been held, bhck for the formation 
of the erjihl4)sifii would, when the closure is at an end, 
l>e well adapted to form a continua. This is, in fact, 
often the case, though there are not many in the number 
of possible combinations which can be pronounced with- 
out hiatus, while others can he formed alone, but are 
with difEculty attached to other sounds, so tlrnt only a 
few can readily be employed in speech., There is, more- 
over, an im{)ortant difference in these combinations 
according as they are used at the commencement or 
termination of a word. At the commencement of a word 
the tisphdra in question is really an fxplosim to which 
the remark made above applies perfectly ; at the termi- 
nation of a word the same sound stands, however, to the 
preceding sounds in the relation of an oedusiva, to whiph 
another soond cannot be attached without a distinct 
hiatus. Such con/oinations arc, however, met with at 
the ends of words, and must, therefore, be explained by 
the fact already mentioned, that though a pure ocehuwa 
undoubtedly exists both in theory and practice, it is nt^ 
in actual use ; for when the parts whieh hai^ produced 
the clos.ure separate to return to a position of test, ; 
an explo»iva> necessarily follows immediately upon the : 
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ocduaiva. Theief<»re if it is jpossible to fora} a combina^ 
ti 6 n of this kind at the end of a word, the possibility is 
given by this explosive element, which, however, being 
weak, confines the applicafSon ^f these combinations 
within narrow limits. * * 

The most perfect combination is* formed by an 
plosiva krA Aatridvla of the same region, as the air which 
breaks oat after the formation Of the exphsiva can be 
used at the same point for the fricative noise; thus we 
have the combinatioi^s 

pf, t», JkVhS 

These can all be fofn^ed as double consonants, in the 
broader sense ^ven above, though the first only eah 
be used as easily at the commencement as at the termi* 
nation of a word, for there is so much difficulty in com- 
bining the two last with other sounds that they csm 
never be generally employed. There is nothing to choose 
between pf and it for the commencement of a word 
(Pfund, ZoU), bu{ in ending a word with pf a hiatus' can 
scarcely be avoided, because /requires astron^r current 
of air and a difierent ftosition of the lips (^02^),*while, on 
the contrary, the current of air which is liberated by t Is 
quite sufficient for the formation ot s (Plaiz). The eaee* 
with which t combines with s in either position •has 
led to its being represented by the simple sign r. V » 
Next in order we have the stridula of a nmre 
region joined to a preceding ea^iosieo— * 

The two first can be produced by adjusting the 
fbr/smd th(im f^^ k en t with a stmng 
of air. An easy sncce^ion both at the beginnh^ and^ 
endingofword8is,heweieri<mlyal|orded^ 
which^ therefoSu, thershiq^sigh nwim 
k must, howeyih» >W^i^^^ 
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^ * 

air would nqjt immediately reaoli the teeth ; at the com^ 
mencemeiit of a word P can also be employed, though 
with some effort (pax, rrafj Kleckft, Fuchs, Xaver), 

Thmily, there is the coahbction of a stridida of a more 
baekwani region w'ith a preceding explosiva, such as 
ps, pcld, pch^ ; tcfd, tchK 

If, before the formation of the explosipa, the narrow 
outlet necessary for the stridula is prepared, the latter 
will follow immediately upon the outburst of the air. 
The only combination which can easily be employed both 
at the beginning and end of words is p#, which had, 
therefore, even in Greek the simple Isign «/» (iZ-iXoc, Psnlm, 
Iteps)'; tefd at the beginning of a word can be beard in 
the affected pronunciation of “ ja ” as tclda. At the end 
of words tcld' and prft* are heard in dialects, though not 
quite without hiatus for Fittirh, tcjtch for Teppich). 

The second class of cmtdtmae to be considered are the 
marginals, and here we have combinations of a preceding 
explosice with a murginnl. 

The combinations with*f are 
. pi. tl, kH. A^/. 

These are all formed easily at the commencement of 
• words,’ if the mouth is adjusted for the /-position before 
the formation of the cxphmre, so that the liberated air 
in passing over the dorsum of the tongue trill produce 
the sound of 1. The only diificulty lies iu tl, for the apex 
of the tongue, which bus been removed from the palate 
for t, has to be instuutly re|»Iaced for tlie formation of I, 
and thus a small hiatus can scarcely be avoided ; tliis 
combination of consonants is almost confined to names 
derived from the ancient language of Mexico. Whether 
or A* is to prectide I depends upon the vowel which follows 
/; those vowels which require a contraction of the anterior - 
j^rtof the cavity neocssitating the utterance of / A?, ; 
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on the oontrary/ depending hpon the more iiosterior eon* 
trietion of the eftviiy of the month—^hus lowing, troxa 
the difierenee in the k, that there is a preparation for 
the ensuing roweh It is pe|«ibi(| to. pronounce Id with 
a knot thus decided by the ^a)wel; it’is, boweyer» more 
difficult. Plan, Tkutkalti, Klinge (kHmge), Klotz (Idiots). 
At the end of a word these combinations are always 
accompanied by a hiatus. 

The combinations of explosives with eeh are 
^sch,tsck, ksch. 

Of these ksch is the most difficult to form, and is, in 
German at least, only met with in dialects, and then 
always as because ^e point for the formation of thjN 
sound lies nearest to that of sch. The cause of 
difficulty is that for the back part of the dorsum of 
the tongue is raised and the apes depressed, while for 
sch the apex must be elevated and the back part of the 
dorsum depressed. The change from one position to 
the other cannot, however, bb well performed without a 
hiatus, though it may be an exceedingly small one. 
G'scheid, t^eksch. is easily pronounced, if tlie monUli 

is a^usted before tiie formation of p ; stUf it is onJ^/^ 
employed, in German at least, in dialects, except fm^ 
names (PsehojTt Beflepsck% and has a strong; imili^^cm ? 
for a hiatus : tseh, on the contrary, is like t«, imd f^i 
similar reasons easy to pronounce ; still it u li|^ m^^ 
with in German, and then only at the eftd of w 
{Klaizch) ; it is, however, used in Qfdian both vtit^ 


without tone (ctma, inre)» in English, tiion^ y^^ 
in a ^at yariety;^ (pingwi 
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At tlie epd of words these oombinattohs cannot be 
attwed without hiatus, as the oorreut of air require fbr 
r is too strong. The r which combines with the explo> 
sife is that which lies peas^ to the point at which the 
former is formed. Us may he seen from the above group. 
K^r^, like K^l, mid for the same reason, precedes i and e ; 
jt*H, like k\ precedes a, o, u. The r* in pr* and fr* is, 
from this preadjustment for tiie ensuing vowel, pro- 
nounced more forward before i and e than before a, o, u. 
Prim, Prackt, Trieb, troeken, Krieg^ Kragm, 

The relations which charaoterize the combinations 
considered in the foregoing remarkfr, are exactly reversed 
in thc^e combinations u'here a eontinm stands first and 
is followed by a p, t, or k. With a eontinm the latter 
sounds assume the occlusive character which they retain 
even when the combination is situated at the end of a 
word ; when, however, it stands at the commencement of 
a word tlie impure character of the, oedtmee is very 
marked, for to the following sound it appears as an 
en^f^sive. • 

Starting with the contiv^vae stridulae we find that the 
sounds in questions may be grouped as follows : — 

• Jp,fi,/k: *i>, sA**, ehp, chH, chH, ch^k, ck*k. 

Of the8e,yp, ek^fc*, and also chW can bo uttered alone/ 
Ipt they require su^ a forcible current of air that they 
cannot.be MtacheC^to any other sounds; 
ek^p, ch^, ch^f^, and cA*Ar* cannot be pronounced without 
a very wnsiderable hiatus. Of all this series, therefore, 
which is greatly simplified cf we remark that is the 
only sound which distinguish^ between the two forms 
of k, there remain only the six combinationSi,^, sp, st, 
$k, ehH, and which can boi included amongst thb ii 
double consonants. . In/i the /-stream ui suddenly inter* ^ 
mpted by closurp with ,ihe tongue (0 i It is foimd at th#l 



bp^nningof words (thoagtfno^ entirely without hiatns) 
M Greek (^SoyMkc), at the termination of words in $chufti 
el^ft. In the three eombinatfons of » the *-stream is in 
the same manner interraptM by an occlusive sound; 
that k' is the only one of th« two fortus of k which can 
bo used for this purpose, is due to the circumstance that 
in changing from the s>position the tongue can only 
reach the k^-position, for the « must not disappear tdl 
the k is formed. Ail tliree combinatims are equally 
well adapted for counmencing and ending words {tpeed, 
Vuip, Germ. gra*p; start, ist, Germ, fast; sky, risk). In 
English, at the termination of a word after a, a more 
backward impure s may be heard combined with IP, aSj 
for instance, in ask. We find eht used at the beginnmg 
of words in Greek and at the end of words we 

find after i and e, Lkht, Reeht, and chH after a, Oi U,] : 
NacfU, Doeht, Witcht. ' 

Adding the sounds p, t, k to the marginals, we have 
the series 

Ip, &, Ik^, Ik^'; sohp, scht, sehk. 

Of these sounds those formed with i cai^ be pro- > 
ndnnced without effort if the second sound appears as it ^ 
true occhmse before 1 is silent ; this also appfrea;fr)> 
two forms of k, i[ when the combination is wiUi ii? tfre 
is formed a little further back. This combina6<m c^i^ : 
therefore only be used without hiatns ai.thi^ cmd i^^^^^ 
Words : lfc‘ follows i and c, a, o, « j 

BiU, mlk, St^taBc); and s<M sian, like 
and for the same, reason, without dl^eu£||vf 

and rtsed biM^ at the bOi^tmhig ai^ end of 
may be heaid in ordinary GermSifr ad 
wordsymtten sp* si i^pid, jKeond, 1^^ 
';leots')i,.Gitc^) ; seU diffioiffi;to;larBi~^ 

.;::seems to-lMK^no'ap0icafe)n.';'- 
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With the vibrants Whave the series 

t^, 

all four of wltich are easily formed as terminations to 
words. If while r is stjtll vibrating the second sound is 
formed as a pure hccl\mre,^k^ follows i and e, r*A* «, o, 
n {ftharp, hart, HVrit, stark, shark). They cannot be 
formed at the beginning of words without a hiatus. 

We have showm the relation which springs from the 
attachment of an ejrjiUmva or ocdmiva to a preceding 
stridula ; it now remains to discuss the relation pro- 
duced by annexing other continual to the latter. 

A succession of two striduUu' gives the series 
/*, fik : sf, seh ; chj\ chs. 

None of these combinations can he formed without 
hiatus, though if the tongue is protruded while ch is still 
sounding a ch^s or c/A may be produced almost without 
hiatus, for instance, in the genitive form of ScliUch and 
Bach, Schlkhs, Dacha, which, however,, from the difficulty 
of the double sound generallj' have the sound of Sehtiches, 
Daches. « 

A matjgrtnaf joined to gives 

Jl, si, chi; fach, sack, cltach. 

, Of these combinations tbose with an sch in the second 
place cannot, on account of the great change in the 
ppsitioh of the tongue, be pronounced without a hiatus. 
Those with,! in tine second place are, on the other hand, 
possible at Ithe beginning of words, if, before the first 
sound is ended, sucli|,preparation is made for I by the posi- 
ti<ni of the tongue that the f,i>ex only has to be brought 
against the palate to produce the I- ‘ Example : Floh, 
ilatte, chHi (Alemannio for klein), eh^hyd (the right pro- 
nunciation of the name Lloyd, ^liich for this reason is 
always spelt FUryd by the unlettered housekeeper in 
“ Humphry Clinker.'* 
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. The combinations between vibranta and (^idulae are 
‘ fr^, 8t^, ch^rf, ekh*^ 

ali of which can be pronounced if the tongue is placed 
for the stridvla in the propa^posh^un for the correspond* 
ing r ; thus when the atridulckis s in -the position for r^, 
when eh^ in the position for r*, and when ch* in the posi- 
tion for f^, a slight expiratory effort then gives rise to 
the Hridvia and if gradually increased develops from it 
the r. With / the tongue must be placed in the position 
for 7^, m cannot b^ used as an articulate sound. These 
combinations, again, can only be used at the beginnii^ 
of words, and that to*a, limited extent ; they can scarcely 
be pronounced without hiatus at the end of words, for 
the difficulty which they offer when pronounced alone is 
increased when they follow immediately upon a vowel- 
The most difficult form, sr, is scarcely ever heard? /r* is 
in very common use ; the r which follows the / may, 
however, be either r“ or r*, according to the succeeding 
vowel, though the change is not absolutely necessary, as^ 
for instance, /Vaycn can be a» easily pronounced with »■ 
as with r* or r* (friach,frech, frohy B^rucht). C/tr is found 
at the commencement of words in Greek, J(fiov6cti 
when, according to the rule we have found to hoM^goOd*; 
in 80 many cases, the in j(fin moat be , and in 
Xpovoc ch^, because in the first case o follows, 'and 
the second o. • ■ 


The relations between tmrffinali asid -^ prii 

as the case may be, occhtsivea, base afready bden dtB% 
cussed, and also those Whsn they are connect 
seeond sound with a aiaidtda as a. first soimd. WodikyPli 
now, therefore, to consider their properties a4^ & fi^l 
sound eonneoted with a^ruhtlaa and A 

With the thei fodomng e^ 


J/, fr, i 
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Of these oomhinations ^thossilp^hioh have 2 as a first 
soand stand in tlie same relation as if, U, tch, the 
tongue in both cases being brought against the palate. 
For instance, If and loh caff be produced if the lips are 
protruded while V is sounding, the current of air being 
increased in force for the former combination, and for 
the latter the dorsum of the tongue being raised ; the 
only I'h which c»ui be used is ch*. For Is it is snfiicient 
to remove, while I is soimding, the aj>es of the tongue 
from its position of contact and to>^ raise its edges ; this 
combination is, therefore, more often met with than the 
others. All three can only be ,Mrmcd at the end of 
words, because if placed at the beginning the com-’ 
bination is broken up by the closer connection between 
the second sound and the succeeding vowel. (Kl/, Flalt, 
Ketch.) Passing to the combinations with seh, we find 
that sehj and sekeh can be formed, though not without 
care and some difficulty; sehs is, however, easier wb^ 
placed at the end of a word, for if, the apex of the 
tongue is depressed and tire edges raised, the transition 
can be made from sek to st {Fischs genitive of Fischi) 
Two combinations ai'c pos.sible with the vibrants 

Ir, sctir, 

tjie first of which, (/r) can only be pronounced with 
difficulty, formation of the I being interrupted by 
the vibratidb of the extreme tip of the tongue ; it has, 
therefore, no value aas an articulate sound : sch, on the 
contrary, can, if the doraixm of the tongue is raised^ 
be easily connected with an r”, and sometimes, as an 
individual peculiarity or in a dialect, with an r*; this 
combination, however, liko all those with r as a seconds 
sound, can only be. used at the beginning of words, ff 
i or e follows, ^he r* js formed a little more forward ;; 
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if. a, o, or »» more hmhirsi^ iSehrifi, Schrulf* Schraitme, 
Schrot, Schrunde). 

• Lastly, we have the combmations between idbmnU 
in the first place and atriStdaeM VinA marginaU in the 
second ; and, as we found with rp, H, rk, these com^ 
binations cannot be employed at the beginning of words. 

The combinations with sirtcfiiioc are 
rf,r$,Tch. 

The character of the r is regulated by the preceding 
vowel, though it is •always a little more forward for 
f and » than with the same vowel for ch. It is, however, 
in our power to form? though not always without effort, 
t^ese combinations with any of the forms of r, of 
course excepting r*. The ch following r k always 
becanse the formation of eft* resembles that of r* too 
closely for the two sounds to be separated. {Durf-en, 
acharf ! Bira, incra, ara, Werch [IFer^], Sarck [Sar^f]*) 

The combinacions with thjB marginals are 
• rl, rack. 

Both are formed without difficulty, if during the atter'^. 
inice of r* or r® the tongue is gradually advanced to the ' 
I or, as the case may be, to the aek position, 
again, the r* or r* is forward af^ * or >, jihd ttie : 
r* more backward after a, o, u. In graminars 
the use of rl confined within very imrrow limits, 

Gem. gmrl, Eng.) t though in the Awtriaa 
it is widely distributed as a diminu|[ve Tlui| 

two following examples w^i suffice for rseft 
marach. '■ v v' ' 

' '':v .'C<maoK . . 

Baving nc^; discussed 
.consonants':' 'do.' noi-'exi8i;:jin';.&e ^mc; 
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irow«l8, aiidt having fonhd that eortain combinations of 
.consonants, tinder the condition that they are not placed 
betvreen two vowels, can he formed with more or less 
ease without a liiata% aii^ ‘therefore may he regarded 
as analogues of double • vowels, it remains to see 
whether similar relations do not exist between the 
resonants themselves or between resonants and con- 
sonants. 

The resonunts depend, as we know, upon a closure 
at three different points : at the lips for m, the teeth 
and tongue for n, the tongue and soft palate for fut. 
In the closure for mi the entire <jaSity of the mouth in 
firont of the s!>ft palate is ojien ,- in that for «, the cavity 
of the lips. As in the closure for m the cavity of the 
mouth is completely cIo.sed to the front, the tongue may 
assume any position, and though for a full-sounding 
»a it should he depressed, yet it may ho raised and the 
apex placed against the upper incisors. If, when in 
this position, u deep tone is soimded, a pure m is heard ; 
if a higher tone, an interufediate sound, which is neither 
m nor n,»bnt bears some ‘resemblance to both, and thus: 
stands towards the two sounds in the position of «r to 
’ a aird e. We have already shown, when describing the 
re&onanis, that a similar intenntaliary sound eiists 
between the regian of closure for « and that for ng. 
Intermediary sounds similar to the intermediary vowel- 
sounds are, therefore, met with among the rcsonants. 

It is possible, Moreover, to pass or glide from one 
resonant into another, if the position of the closure is 
gradually either advanced or removed further back. 3 
Thus if ng is uttered the closure may be gradually fj 
advanced along the entire palate to the anterior 6nd of:1 
the R-region at the teeth, and then by closing the Ujptl 
pass into m. Then, ogain, if the apex of the tonguff| 
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u placed behind the teeth and m is ottered, when the 
lips are p^ned » will be heard, and if the closure is 
gradually moved baohwarda aiong the palate, the whole 
series of resonants can formed backwards in an 
unbroken snccession. The • Greek Initial sound (iv 
{ftvniM) can, therefore, be pronounced without hiatus. 
This pcouliarity more resembles those of vowels, as, for 
instance, the transition from a to o, than the relation 
between consonants. « 

Among consonants the explosive sounds only can be 
immediately connected with the resonants, and, more* 
oyer, the combinatidiv can only take place between a 
resonant and the explosive corresponding to its point of 
olosnre ; the only combinations are, therefore, mp, nt^. 
iigk. The combination nk is, indeed, written, but as A 
mast be preceded by a closure at the soft palate, nj; 
must of necessity be formed {Lump, Battdt trink, 
ichrank). As an explosive is due to tbe opening of a 
oloBure, it is of^n more or less distinctly heard as an 
al^ sonnd at tbe end of A word or before a vowel ; 

it was written (JrrfAumb), and m now 
Insp languages retained, in others lost inthe samC 
Word both as uTitten and spoken 
Kind / humefus, nombre). The eicpiosire is hedrd j 
more distinctly when the resonant is followed hy A 
consonant, and here, again, it is written m^spnsa cS^ 
and not in others, iiampf, 

Drangt (genitive), 6eeayt. (prpnonn<^ i>«t»^*», beengkl^i 

L j^ M Movat^ - ^ . Klf: 
By the team ivuntiifl, is me^t a m 
^imnnmng. :1 . tmd ^fdso. n idim 
■ aonnds. : /-:Tl^;-prp&hheiaU^^iS'{i^ei^^ 
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two vowels, .but not uu&oquentljr at tho beginning bf 
w<Nrds> and sometimes at the end, as, for instance, in the 
French detail. • 

Before attempting |o a^gn to this phenomenon its 
proper place we must consider it in connection with 
other phenomena, and especially the relation between u 
and sounds to which it is annexed. 

The close connection between i 'and j, and between 
u and iv, was alluded to in the remarks upon iambic dipb* 
thongs with i or u as a first soimd, apd it was then shown 
that the two consonants in question can be developed 
from the corresiwudiug vowel in twb W'ays, namely, (I) if 
while the tone is sounding the force of the current is ao; 
increased that a fricative noise is producid, when the 
vowel is « by the protruded lips, and when t by the 
and the edges of the tongue over which the stronger 
current of air is driven towards either side ; ( 2 ) if ill 
passing to another sound the tongue, or, as the ease 
be, the lips, are rapidly drawn back, thus producing 
firicative noise. Both caut^s have the same effect — an I; 
spoken quickly and strongly before another vowel, turnini;; 
it into a j {je, ja ) — and under the same couditiona jn i 
sound beginning as u becoming w, as in the £!n^|^ 19^ 
(doable ju). V ^ 

. Besides appAnring in several other iainbio diphthongs, 
we often find u after k, and followed by another voyiei. 
The a in such words appears to ho nothing mote than Jbil 
transition from one'VoweJ to the other — so, at least, thci 
fact would seem to show ; that it is present in amn^. 
Italian words (ffuanlo, giterraX mi absent, or, if writfrs^ 
not pronounced, in the corresponding French words 
gum-e). We find further, in ooanedion this pee^ 
iiarity, t|^at this u follows Ac less frequently before e 
before other vowels, ecq>ecially when tho ^ ill the 
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\rith tone, namely/^> the explanation of which lies in the 
manner in which the intervening K'Souhd' is prodocedv 
For the formation of k the tongue is drawn tery far bach, 
and its anterior portion U4V, therefore, both backward 
and low ; this is, however, the position of the tongue 
for «. The lips, it is true, need not necessarily be in the 
position ascribed for a full, round u, but this, as we 
showed when speaking of the vowels, is not of primary 
importance. Now when, after the formation of the 
plosive k, the cnrrei)t of air is released, this position of 
; the tongue gives rise to an u during the short time 
which elapses beford the tongue can be adjusted for the 
following vowel. The position of the tongue for o so 
eloscdy resembles that for u that there is little need for : 
« before o, for it will either be imperceptible in the 
rapid change of position which the tongue can here 
make, or else the e-position will have been assumed 
before the formation o( k. ^ 

It may, how< 4 V 6 r, be asked, why, if the above is true, 
an » is not heard after eve^ k followed by a vowel, xt 
beluga possible to prottoonee As^tn, kekrm, ThisNxbjectioh 
may he answered at once as follows : ^If k is uttere^! 

the tongue afterwards adlpttsh^; 
for jlie following vowel, the «-sound wiU restdt^roM 
the ]^8ition of the toi^e for k being the mme ^ 
that for « ,* this cmi be, however, and is p;rovie|ited^ 
placing the tongue either exactly or approxim^ly ^ 
the position for the succeeding vowet, before ^ is allowed^ 
to hrteak out* This will db dhee he seen from fedk^i# 
ing ekpmim«ot:: 3jet k be jmmouimed alpa^ 
followed by an indistinct a j if then m 
it tnll; be' ; - if;- 

pmuouncedj that the tonguMs^l^i^^f 

befoxa::'ibe- 
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Tims ft constitutes a kind" of kiatas between the full deep^ 
k and the following vowel. 

There is 'another point of interest in oonneotion 
with the above-mentionedotwiation between u and w, 
namely, the diSere'nce in the sound of this intervening u 
after k and after <7. If the first sound is k with tone, 
namely, after the explosion the current of air will be 
quiet and sonant, and the u will then, however quickly 
uttered, have a distinct u-sonnd ffuerra, ffuiikt). 

If, however, the hard toneless k is ^uttered, the current 
of air which bretiks out is more forcible, and at first 
toneleas ; tlie following « will thep 'have more or less de- 
cide<lly the sound of te (QiwUe is pronounced Kwdle, and ' 
aX^Qqiuulra, qu*;«to, quinta, qtntUt, cunre). In the first CMO 
the M is rather attached to the following vowel, forming a 
kind of iambic diphthong ; in the second to k, whence - 
this combination is partienlarized in our alphabet as 

Other consonants are in Italian and Spanish followed 
by a similar u, in words, namely, which in Latin hare 
an o after the consonant ifi question, which o remains o 
in Italiaa but becomes e in Spanish. Example 


Latijt. 

Itauau. 

SrAKISH. 

bonus 

huono 

bueno 

. jporta • 

{porta) 

puerta 

th»nus, donum 

duomo 

duena> 

' taiU»4t 

tuono 

(tono) 

. tortus 


iuerio 

focun ' 

fuofo 

fuego 

locus 

lubqo 

htego 

mors 

(pu/rte) 

ttmerU 

morere 

muovere 

41 imtere 

novus 

nuovo * 

mtivo 

votu 

ruota 

meda 

toUts « 

tuoh 



1 

•w ■■ 

, vuelo. 
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The words which do not'exMbit this ehttiPge are pro^ 
nounced with a cramped feeling. The reason for these 
exceptions cannot be discussed here. It will* be sufficient 
to show from these examptis that v. is inserted after 
every consonant, if not in both, yet ht least in one of 
the two languages. We may infer hrom this fact that the 
insertion is here due less to the consonant than to the 
succeeding vowel, a view which is supported by the same 
insertion taking place in words which do not begin with 
a consonant novo, hueto; homo, tu>mo, hombre). 

It would seem, therefore, as if this u were merely 
employed to lead up o or «, just as we often hear j led 
to by n (n-ja), or as in Italian s is preceded by t ( 0 copuB, 
iscopo), or w by g (Wel/e, Gvdfo), or, again, in French 
and Spanish « by c {»perare, esperer, etipermiza { spirilmt 
e»pril, e 0 ptritu) i The cause of this insertion is, howevfflr, 
of little imiwrtance to our present ptirpose, for which it is 
sufficient to note the fact of its existence, and that the « 
is pronounced s(| rapidly that it forms a single syllable 
with the following vowel. Il^js, however, of interest in 
the question before us that thui a sounds more as> a or 
w, according to the consonant by which it is preceded 
(ruota, twolo). It is also worthy of renmfk llmt, ‘^ th^ 
same reason as that given above for a soundihg more . ; 
after y and a* after k, a difference of pronuheiatioffis tnv^ 
bo observed after 4 and f (dwmo, twono), ^ ^ 

Before examining tlm entirely similar relatioi^ main*^ ^ 
taiued by «, we must first chaw attention to the 
j may arwe in three diffemut uteys, ni^eiy, (1) voIitobMdl^ 
asy, (2) in tdKjve^menldimed 

formed 

and with an (Bahm ; 

gere, 

nouneed 



W V THE OWIANS or SPBEOBt 

The relation in 'which « stands to & is the same as 
that in winch i stands to I and n, both of which con^* 
nants ai^ formed by closure at the teeth. We shotlld 
rather have expected, •froni’ the relation of « to k, that * 
would have been connected with t. The reason why this 
is not the case is tliat » or ach is much more easily joined 
to t, both, particularly se/t, being very audible fricative 
noises, and capable of being produced by tlie saute our- 
a'ent of air as that with '«'hich t breaks out, so that if any 
after-sotmd is heard after t, it wiiUnaturally be s or ech. 
Analogy would, after this explanation, lead us to expect 
eh to be the after-sound for Ar. la* the first place, how- 
ever, eh does not readily join with A*; and secondly, it is 
not a very audible sound, so that « follows at once upon A: 
without any perceptible ch. The following examples will 
show that t really is modified by an aHer-sound of « 
or sch. 


Latin. 

, Itai^ian.' 

Bpanisb 

turma 

eiurtmi > 

ckasma 

ob-tumtor 

^ turnggio 


atufhtiis (French atta^ue) acruteco 


lueta 

lutla 

lucha 

*‘gutt4i 

goccia 


fiiurnm 

fan- . 

giorm 


gedecttla * 

scggiola 


lac, Utciis 

latte 

kche 

dictm 

detto, ditto 

dicho 

pectus * 

2 >eito 

pecho 


To the same cause is due the general pronuneiationt 
of tio, tia, tim as tmo, t»ia, t«iu9, while in French and 
Spanish even the primary seund is omitted 
Hutio, tuition f nacu/n) ; in English also the t is omitted^. ; 
an sch, however, taking the place of « (ftatton). In tMt : 
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^am6 manner fto is changed io tteho, Ucki »e'h {maUyr 
{irirt/ifl], viagffio, voyage [English] , vfryaye [French] ) ; 
oi^atio, ontaggio, homage (English), homage (i*rench). 

The two sounds I and l»%tre* formed by the tongue 
being advanced, and laid gentiy agniqst the teeth, or the 
margin of the teeth. If the tongue is drawn back &om 
this position, it wfll be in the position for i. When, 
therefore, I or » is to be followed by a vowel, the tongiie, 
in order to reach the desired . position, most pass 
through the {'position, and this transition is o^h 
made perceptible by the sound of t being heard. From 
the slight contact required for I and n, and the rapidity 
with which it can be broken, this t>sound becomes /, 
just as the u after k becomes v ? ; and just as the intimatq 
relation between k and a* is represented specially by gai 
SO the intimate relation between j and I and n is recog> 
nlsed, and these sounds, when pronounced in this mminer, 
are specially termed I momU\ and n mouilU; and, i^aim 
Ij is expressed cvrtliographically by yl or U, and by 
y» or it (Spanish). That, however, these sounds axe not 
peculiar in this respect wiU appear from the*foUbwing 
remai^. Examples show that I and n may be thus; 
soften^ bel^ore all the vowels, even before i, whli thd; 
soffoldaig i marks the transition to the position dqeencury 
for a clear, true i, and thus is in a measure <m|^ the; 
impure commencemsnt of f. 


Ktaxjah. 

Spsnmn. 

FBBUCtt.; 


Uano 

■ /;. m^d L 

mogUe 

: 

' 'vieiU/e$^§ 


eiuihiSito , 





UtgUo 




vdaeiitt;:;-' 
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Itauas. 

m4ja^Here 

otfni 

sotrno 

itfumio 


Spahish. 

tifUera 

ni-^ita 

* 

pdftuelo 


FllBKCPt. 

refiner 

Ligny 

vignobte 


In the same maancr as we saw an « intervene before 
o and e in words which in Latin have an o, and that this 
M is more « or tp according to t)ie consonant which pre- 
cedes, so also we find in words, which in Latin begin with 
a consonant followed by e, an i intervening after the 
consonant. To this we may apply the same explanation 
as that given to the corresponding m, namely, that it 
serves merely to facilitate the transition, and to lead up 
to the u. As the words in question in the Italian and 
Spanish languages cannot^ like those containing «o and 
ne, he chosen from the same Latin examples so as to ^ve 
a full series of initial consonants in ^both languages, a 
separate hst has been takbn for each, wliich mutually 
complete each other. 


LAxnt. 

Itauam. 

Latin. 

Spaniss. 



hene 

him 


piede 

pdlia 

pid 

mecm 

^ deco 

cod urn 

rich 

decern 

died 

den$ 

dimte 

tcpidm 

tiejndo 

Umpm 

iiempo 

gelare 

lecia 

gidare 

Here 

leput 

liebre 

md 

mid 

mcmhmm 

miemhrP 

redire 

riedcre 

grtiecus 

griego 

aepa 

aiepe 

aemper 

mempre 

xetare 

vietare 

vefitua 

viento 

We shall 

r^iidily allow that, in this series also, a dif* 
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f^renoe sunilar to that \rhidi \ra« noticed in^th xegaiid to 
M taay be obseryed in i ; that, namely, aJfer certain conso* 
nlmts the i-eound will predominate, after dthers they — 
for inetance, in wtiei the they. Again, as was : 

the case with «, after the oonsonanfs with tone (soft) 
more of the t will be heard {bicn, dkei, dimte) ; after the 
toneless (hard consonants), on the contrary, more of the 
j {pUde, pid, tiepido, tumpo). , 

There is, moreover, a third kind of i, which appeal;^ 
ae the firat sound yjf iambic diphthongs, and, as ft, 
thus bears some resemblance to the interjected i under « 
discussion, it must he examined a little more closely. 
The « hero alluded to is that which seems to have arisen ; 
fwm an I after /, p (b), or k (y) (Jamma,Jwre,fiime^l 
pUteere, pkga, pieno, ptonibo, piu; hkinco, biondo (blond) ; 
ckidinarc, chkrical^f ckiottra; ghiaceio, ghiottone (gloii^ v 
ton]). It would almost seem as if this i, which some- 
tunes sounds more as i (ghmccio)^ sometimes mme as y 
(pieno), were nothing more ’than a weak and cmrelessly 
uttered 7, the tongue not be^g sufficiently elevated 
lurottght properly into contact; and, indeed, fti'th^? 
mmine^ un i ot j may be obtained as an abortive i. if*:' 
however, we compare the corresponding^SpanirtniporidftV 
in whi^i the i is pr^^t and the I nevertheless 
(cltttfmre^ chiamare, Uamar ; ghuive. Have f 

piaga, Uaga t plmmt piVno, 77^ ; t&amr 

porerc, Wotvr)* we shall rather draw the eanclushm, thati 
this i was originally inserted as anwof the foriher c|aat J 
after i, SO thiat fori&s havw exi^ like c4a«urei 
etc., 'and.;that - the’' 'i' -in .IWian-.-aAd- the;- p*;- 
Spanish wa» subse^ueH^fy 
this view^wi^ thO: bwii^bos^htion^en^we 
readily the;;/Bwnanbe. 'Ian|^^^;! a^ 

Italiim, . 8et;::a«ia6( ;i>^y'ttihag:--;lriljw-; 



344 THE ORGANS Of SPEECH. 

in prononoiation. The following examples will show i^o 
troth of this remark : — pomeruliano QmHmwduinug), Ima 
(halena), stn&io (extra nm»), njnacere (diajdaeerc), eemdeh) 
(deeceiulent), eon no (eonm ui^^iin toma (e^nphma), dittonffo 
(diphthontjHS), (franaio {pranarittiu), metia (mujitUi), tieico 
{phthiifioue) , sUiuico, B{mn. (jmyehietnt), etc. 

UiK>n eomiMiring the facts brought forward in the 
preceding pages, the conclusion is forced upon us that 
tjlie I and the « “ mouille ” are not siH’ciaJ phenomena, 
but merely an example of the insertion of a vowel so 
frequently met with ; and the distinct ^-sound resulting 
from this softening is explained by the intimate rolatimi 
between the short i and I and n, the same connection 
being also observ ed in other consonants. The softening 
at the end of a word {detail, grilh^ must, however, be 
regarded as a supplementary sound, resembling the 
explosive after-soiuui of the occlusives {“ topp-c *’),wlMch 
arises from the return of the tonguo to its position of 
rest, and is only pronounced more consciously from habit. 
Further, we must remembpv that the c, a, or *> which in 
many dialects follow uiKm*« or i are to be explained in 
the same maimer (Liah, Muotta). 

’■ r' ' ' ^ -y 
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0,879 

AlNfa»ainal maaclGo, 23 
Adma'a opple, 43 * 

Ait-ottiTent, 5 

■— in auperior cnvit; of lai 7 nx. 


Articulate Bounds, pfay^Ogie^ 
division of, 2&4 
Articulation, points of, 309 
Ary tenoid oartilagc, 47 
— nMchaniam of, 40 


in iho pharynx, 7$, 276 !fc, 311 
— modtOcaUons ct, 165 j Ba«s, 202 

— , niitulation of, in «peccb, 166 | “ Blowing the oose,” 231 

strength in speech, 196, I Brachyoephalous afcalls, 117 
813 ' I* 

strengthening of,.17 ! Cartilage, arytenoid, 47 

Air^paasage in mstrieted sense, 27 • — erkoid, 40 
— -- above the tongi|i>, 863 . | — tbyrai4 42 

— — below tbe tougne, 268 ‘ |» — of ^tprini, 67 

for fonnaUon of nasal vowels, | — of Wriid>erg, 67 


299 

- for ImniMtioa of pnio vowebh 
276 

— — bbiotm^ e«vi^ of wonth, SI8 
tbioagh tbe-pnarynz, 247 
Air-paasaoea. 9 
— -i ttbtor^ervea of, 167 
— — , nervea, 164 

ndatUm to tdinoBtanr oaiH^ 

28*67 

, aenaory nwwa ofi 166 : 

— aarragr of, 24 
AI»<^BtenaiHu94 *1 

Alto*2(Ml 
Alphabet, 2» 

,geiieiaidiyialoiioi;t93 

Anterior naiei, M 
Antntn, 168 ' ♦ 

Arttoolate ionodli 231 ; 

oonqww^ 233’^':- 

— "M, 1 III Ml ’ ^ cfaggpilg 'I 


cavity of the idreda, 120, 241 
— ■ — — month, 120, 241 
- — thorax, 14 
Catabuti'a conipaaa, 192* %ii 

.■**,817' -■ I-, i'-^;' 

ey,S80 

Cfi^-notea, 310 
eM,828 

«*J,8S0 c V ; • 

Gbaid% vwB^ 43 * 

2 ^^ • ' 

okA 880 

olfASdO 


Cli^ag ixdaa, 188 

Ml, 8^ 






litbiuU 

, ]anrngeftl,^ilO 

, imrglml :m 

, teoues au^tuetiias 271 

Corsets 21 

Coughing, 178 • 

Cribriform phite, SI 

Crico thyroid membraue, 43 

d, 314 

Dental*. 313 
Diaphmgtn, 14 
Diphthongs, 231 

division of, 233 

, iambic, with i and w, 237 

— — , titx'haic, with i, 233 

with e /erme\ 2tH, 343 

with tf, «, and a, 21H 

Dolicocephalous skulls, 117 
Double (X»»»onanU, 321 

2m 

e: m columencciaont of word, il35sl 
If; /erme\ 285 
Epiglottis, 30 

, structure of, i5*3 

Ktlvoioidal <xdb, tIO 

sitms, 108 

E:ipir»ti<>n, 8, 15 

, altered forms of, 177 

— — atrengtbenc^i, 23 

/, 312 

Falia t t4>, 210 

/dk. • 

FiscUer^s 201 

. /fe , 32« , ^ 

A 3:11 % 

Ffofital sinus, lOS 
Frenum littguan, 130 
A 330 
330 

sr,315 ^ 

as t?f«wjucttcifm«ni t< wora, 330 
f>io»ii<‘»-€pigloUic iigamcnit 130 
OIottis,4M90 
- — f adjustment of, 4$, 104 

^ cbvataon and ^^prcsidoo t 


i ' Clottis rcsplraiorift, 49, 04 

j _ — ^ closure of, 197 » 

— — , structure of, 46 
— viiculis, 49 * 

Groaniiig, 184 
•Oums, 120 
Gntturala, 315 

5, 307 

llcatbuotos, 210 
Hiatus, 321 

; tilled by coiisonauis, 322 

j Olhd by vowels, 322 

; Huwugh, 174 
I Hissing,^ 188 
I Hyoid bone, 02 

; 282.^:160 

i t as eoiurnemvment of word, 
j I interjected, 341 
j Inspiration, 8, 15 
t altcnd fortm of, 174 

I «- — stnt^ngiheniHi, 2:1 
] Isthmus of fauctfs, 120 

; 297, 318, :J30, ;i39 

; Jaw, lower, structure, 124 
I Vicclmuism, 124 

'/ Jaws, rnovempuf of, 123 

'i 4,315 

{ W,m^} 

I ki, :m 
? kr,327 
I Ar#, 325 
! 327 

I few, 337 

I <.318 

1 / and n iiumtiic. :i:i5 
\ i changed to f, 343 
f^bmla, 310 
^ liaclirycnal canal, 109 
lairynx, 26, 32, 

— — . artiOcial, 38 

dnprcfwiioii of, 148 
elevation <>f, 14$ 

• prodiM^ ibt 2tH 

rclathw^ lofspcdttciiou of tone, 
37, 190 

— atruottEro off il^ 



hnrynx, ^iiporior cavity of, 34, 61,^ 
‘ •*04, 247 

— - toruj ptoAnmH by, 189 
T^u^biog, 178 
leh, m 

I/, 331 • 

Ligamont, glosao-opigloitiot 130 
l Jgaiii€!»ufca ioterauoularia, 33 
Lii», 129 

^ cavity of, 242 

, mn^lea of, ISO 

— nolao produced by, 260 
1^,329 

I^iofMiiuackii, 152 
Ip. 329 

/r, 332 ♦ 

U. 331 

li, m • 

Lunga,8, 10, 17 * 

, air-ccUaof, 11 

, devid<^uiotii of, 26 

, root oi, 11 

t». 303,334 
HiurgUiabi, 318 
yiisufmUif mmrlei, 128 

Morgagui, yeatrtclca bf, 70, 191, 
248 

muffU, 335 
5loiitfa, cavity of, 119 

depmsion of door, 145 
, diaplixagnialic cloaurc, 144 

,divkoa9«,241 

— Ovation of floor, 144 
teller, V 

— jUolatioa fpm phazyai, 228 
— lOeebaiiical moveiaouta, 121 
nofao 9 peculiar to, 205 

orifice of 120 

, poaiertor: 242 
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:W»p, ^45 ■■.'■..■■ 
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cHco-thyioifl, 45 

, depreatfor alia oaai, 97, 136 
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gi naidta, 68 
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— , depreaaor aepti mobUia, 98 
— , digaatric, 145 
— , genio^byQ'gloaatia, 139 
— t geniodiyoid, 147 
— , hyo-^loaaua, 139 
— , ineiatvi, 136 

— , interooKul, 23, 24 « 

— f kerato-pbaryiigeaa, 154 
— , levator alia nasi, 97 
— , levator augull oria, 134 
— , levatores ec^itanim, 23 
— , levator labit auperioiia, 133 , 
— , levator menti, 137 
— ♦ levator nvulfo, 162 
— , levator veli, 162 
— Ungoalia longitodinaUs, 146 
— lirij^alia trauavexsua, 140. 

— , mylo-byoid, 145 
— , mylo*j4ja^iigcua, 154 
— , orbieularU oria, 136 
— , rte^iis Haritormi, 134 
— omo'hyoid, 117 
— , palato^pbatyngeoa, 

— ^ pterygoid, external, 127 
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- — — — c«irtt}agt> of, 92 
— ilivi:ju>u of, 81 t 

, bori/.»^ntal iwction, 104 

•_ isohtiou of, 

238 

- — , individual variations, 

115 

— , isolation fh>m cavity of 

mouth. 223 ' 
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